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SUMMARY

A new method has been developed for the stereospecific synthesis
of optically active naphthoindolizidine and tetrahydrobenzisoquinoline
derivatives. The synthesis was achieved by mild intramolecular FriedelCrafts' acylation of aralkyl derivatives of alanine, proline and
a-amino-n-butyric acid. The compounds synthesized represent simple
analogues of phenanthroindolizidine alkaloids (possessing physiological
activity). The simplification of the structure lies
(i) in the deletion of either the "top" or the "bottom" benzene ring,
(ii) in the opening of the fifth (fused pyrrolidine) ring, and
(iii) in the retention of asymmetric centres with modified substitution
patterns.
The new synthetic route required the successful development of
the following five procedures:

(a) N-Alkylation of primary a-amino acid esters with naphthalenylmethyl
chlorides in a way which allowed formation of only small amounts
of dialkylated products;
(b) N-Alkylation of proline itself (rather than that of proline esters)
with naphthalenylmethyl chlorides in propan-2-ol;
(c) Protection of the secondary nitrogen atom in the case of N-naphthalenylmethyl alanine, glycine and a-amino-n-butyric acid by the
p-toluenesulphonyl group in order to achieve successfully their
intramolecular acylation;
(d) Stereospecific, Friedel-Crafts' type acylation of N-(naphthalenylmethyl) -N-tosylalanine, glycine and a-amino-n-butyric acid by

using mild conditions, e.g. stannic chloride (or aluminium chloride
in the case of proline derivatives) in benzene at low temperature;
(e) Reduction of naphthoindolizidone with large excess of sodium
borohydride and of N-tosyltetrahydrobenzisoquinolone derivatives
with large excess of lithium aluminium hydride which, in case of
the latter compounds, displaced simultaneously the N-tosyl group
as well to yield a pair (unequal amounts) of two diastereoisomeric
alcohols.

INTRODUCTION

2

A.

TYLOPHORA AND RELATED ALKALOIDS

Phenanthroindolizidine alkaloids comprise a small group of
alkaloids isolated from several species of five genera, Tylophora3
Cyanchum, Vinoetoxium^ Pergulavia, and Antitoxioum of the more than 300
genera of Asclepiadaceae family.1 Some of these alkaloids have been
isolated also from Fious septioa which belongs to the Moraceae family.2
The best known sources of these alkaloids are plants of the genus
Tylophora. Ratnagirisvaran et al.3 isolated two alkaloids from
T. asthmatiaa and named them tylophorine (1) and tylophorinine (2).
The systematic work carried out by Govindachari et al.1* confirmed the
presence and identity of Ratnagirisvaran•s alkaloids in the species.
Rao, in his patent, described the isolation of five alkaloids from
T. ovebviflova, viz. Compound A (identical with tylophorine (1)), B
(identical with tylophorinine (2)) , C (a desmethyltylophorinine (3)),
D (4) and E and a trace of a sixth unidentified alkaloid. Subsequently,
Rao et al.6 also reported the isolation of five alkaloids from T. indioa
tylophorine (1), tylophorinine (2), Alkaloid A (4)(compound D of the
patent), Alkaloid B (5) (identified as desmethyltylophorine) and Alkaloid
C (3 or 6-desmethyltylophorinine), which was shown later to be identical
with tylophorinidine (6),7 and not identical with Compound C (3) of the
patent. Mulchandari et al.8 isolated tylophorinidine (6), while
Govindachari et al.9 (+)-septicine (7) and (+)-iso-tylocrebrine (8).
He also isolated three quaternary alkaloids: dehydrotylophorine (9),
anhydrodehydrotylophorine (10), and anhydrodehydrotylophorinidine (11),l°
as their perchlorates. The isolation of alkaloids (-)-tylocrebrine (12)
and tylophorine (1) from T. ovebviflova was reported by Gellert et al.11
Later Rao et al. isolated six more alkaloids from T. evebviflova, viz.
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Alkaloid A (13) , B (14), C (15), D (16) , E (17) and Alkaloid F,
identified later as the secophenanthroindolozidine alkaloid, septicine
(7).
Other genera of Asclepiadaceae family also contain alkaloids,
13

e.g. Pailer and Streicher,

isolated from V. officinale tylophorine

(1) and a second alkaloid which is probably identical with (-)-antofine
(18). Wiegrebe et al.11* isolated from C. vinoetoxicum3 Alkaloid A

(18), Alkaloid C (19) and the 14-hydroxy-derivative of Alkaloid A (20) .
Finally Mulchandari et al.15 reported the isolation of pergularine (21)
desoxypergularinine (22) and another alkaloid (23) from P. pallida.

B. THE STEREOCHEMISTRY OF THE PHENANTHROINDOLIZIDINES
The absolute configuration of tylocrebrine16 and tylophorine17
at C-l3 is shown to be S, i.e. the same as that of L-proline. This
has been confirmed by exhaustive ozonolysis of tylophorine which gave
(S)-pyrrolidine-2-acetic acid (24), identical with a sample synthesized
unequivocally from (S)-proline.

CH2C00H
H
(24)
The O.R.D. spectra of both tylophorine and tylocrebrine show a
negative Cotton effect in the area near to 260 nm. This serves as a
useful tool for determining the absolute configuration at C-13a, of
alkaloids which are lacking functionality at C-14. Examination of the

7

O.R.D. spectra

of tylophorinine, its acetate, and desoxytylophorinine

showed that tylophorinine is racemic. On the other hand, hydrogenolysis of tylophorinidine yielded the optically active desoxy base, which
exhibited a negative Cotton effect in its O.R.D. spectrum in 200-280 nm
region, was shown to possess the 'S/ absolute configuration.
Surprisingly (-)-antofine (18)19 was shown to possess the 'R'
configuration at C-13a, since its ozonolysis yielded D-proline,
identified as the D-isomer by its reaction with D-amino acid oxidase.
The O.R.D. spectra of (+)-isotylocrebrine20 indicated that it has the
same configuration as antofine (18); therefore, it is a member of the
R-series.

C. PHYSIOLOGICAL ACTIVITY

a. Physiological Activity of Phenanthroindolizidines
The physiological activity of phenanthroindolizidine alkaloids
is well documented in the literature,Z1,zz The earliest recorded
work on the pharmacology of tylophorine was carried out by Chopra2

3

who showed that the alkaloid possesses emetic and fesicant properties.
It is lethal to frogs at a dose level of 0.4 mg/kg, and is slightly
toxic to mice and guinea pigs. Tylophorine and other Tylophova
alkaloids ' ' influence the respiratory and circulatory systems
and have depressant effect on the heart muscles. The effective use
of T. asthmatiaa leaves was confirmed in the treatment of allergic
disorders, especially in that of asthma.27'28
In tests carried out for the National Cancer Institute of U.S.A.,
tylocrebrine showed significant and consistent activity against L1210
leukaemia in mice at a dose level of about 10 mg/kg body weight.22
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Abbreviations used in Tables 1 and 2

CA. Adenocarcinoma 755. Mouse; DA. Dunning leukaemia (ascites),
Rat; 5HI. HSI. Human sarcoma. Rat; HE. Hepatoma 129. Mouse;
LE. Leukaemia L-1210. Mouse (intraperitoneal); LL. Lewing lung
carcinoma. Mouse; LZ. Leukaemia L-1210. Mouse (subcutaneous).
Delayed treatment; MM. Melatonic melanoma. Hamsler; MS. Murphy
Sturn lymphosarcoma. Rat; O.S. Osteogenic sarcoma He 10734.
Mouse; P4. P-1534 leukaemia. Mouse; 8P. P-1798 lymphosarcoma.
Mouse; PS. P-388 lymphocytic leukaemia. Mouse; SA. Sarcoma 180.
Mouse; WM. Walker carcinosarcoma 256. Rat (intramuscular);
CMC. Carboxymethylcellulose; DMF. Dimethylformamide; DMSO. 5%
Dimethyl sulphoxide in water; MC. Methylcellulose; oil. olive oil,
sesame oil or peanut oil; PG. Propylene glycol.
MTD. Maximum tolerated dose; MED. Minimum effective dose, i.e.
minimal dose level resulting in a TWI > 58% or ILS > 25%.
TWI. Tumor weight inhibition (A value greater than 58% is considered
significant); ILS. increase in life span (A value of > 25% is considered
significant); ED50. Dose level in Kg/ml at which 50% inhibition of
growth of cells (A value < 1.0 is considered significant).
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Further tests carried out by N.C.I, on six of Rao's alkaloids:21
Compounds A, B, C, D, E, and F, indicated that this group of alkaloids
retain antitumor activity throughout the series of their analogues
(Tables 1 and 2).
The toxicity of tylocrebrine in humans has not yet been fully
explored but tests in a number of animal species, e.g. dogs and
monkeys, indicated that toxicity, which determines the possible doserate, will be manifested by depression of the level of bone marrow,
reduction in the number of leucocytes and platelets in blood, and some
irreversible central nervous system toxicity. The maximum tolerated
daily dose for the two animals mentioned above was found to be
0.25 mg/kg and 0.5 mg/kg, respectively.29 The unexpected CNS side
effects resulted in the withdrawal of the drug from clinical tests
pending further investigations in the laboratory.

(1) Site of Physiological Activity
Atkinson and co-workers30 have shown that tylocrebrine, tylophorine and the phenanthroquinolizidine alkaloid cryptopleurine inhibithe incorporation of [ll*C] -leucine into proteins of Ehrlich ascites
— 7

tumor cells at a concentration as low as 10

M.

Since there is no

evidence that the alkaloids inhibit RNA synthesis at these concentrations, the possibility that the alkaloids compete for sites in the
protein synthesizing system of animal and plant cells was seriously
considered.
Recently the mechanism of their effect on protein biosynthesis
was studied in great detail. Tylocrebrine was shown to irreversibly
inhibit protein biosynthesis in He and La cells and in rabbit
reticulocytes; the main effect being on chain elongation.31 Mutants,

13

resistant to tylophorine and tylocrebrine, have been isolated from
the yeast Saccharomyces cerevisiae. Examination of the mode of action
of these alkaloids indicates that they appear to inhibit the translocation phase of the protein biosynthesis.32 Tylocrebrine inhibits
protein biosynthesis in E. histolytica33 due to its in vitro
amoebicidal activity.

(2) Proposed Structure-Activity Relationship Studies of
Phenanthroindolizidine Alkaloids
Zee Cheng and CC. Cheng3"* observed during the course of
structure-activity relationship studies of various phenanthroindolizidine alkaloids, that they exhibit structural features common to a
number of various antileukaemia agents. This is represented by a
type of "triangulation" pattern: the interatomic distances between the
two oxygen atoms and the nitrogen atom of the molecule are very near
to a constant value as shown in the following diagram:

14

Table 3.

Interatomic distance measurements (A) of some
nonalkylating antileukemia active compounds

Compounds

Tylocrebrine

Tylophorine

S tr ep toni grin

N - 0:

N - 02

7.50 - 7.71

8.75 - 8.87

3.01 - 3.35

7.38

8.04

3.01 - 3.35

7.50 - 7.71

8.75 - 8.87

3.01 - 3.35

6.84

8.04

3.01 - 3.35

7.37a

8.7ia

3.05 - 3.35

7.37a

8.71

3.05 - 3.35

Ol - o 2

Camptothecin

6.02 - 7.05

8.70 - 9.71

3.35

Demecolcine

7.03 - 7.71

8.38 - 8.71

3.03 - 3.36

Aminopterin

6.37 - 6.70

7.70 - 9.37

2.69 - 4.03

Methotrexate

6.37 - 6.70

8.03 - 9.03

2.69 - 4.03

Vinblastine

6.70

8.71

3.36

Vincristine

6.70

8.71

3.36

Anthramycin

8.04 - 8.36

8.71 - 9.05

3.01 - 3.35

Daunomycin

7.05 - 10.20

8.36 - 11.40

2.70

Glutarimide antibiotics

6.70 - 7.05

8.40 - 9.71

3.05 - 3.35

7.85 - 8.38

4.00 - 4.35

Bi sketopiperazines

7.043

Harringtonine

7.04

7.90

3.08

Sang ivamycin

7.05

8.70

3.40

6.70a

8.703

3.40

7.55a

8.70

3.05

6-MP riboside
Cytosine arabinoside
5-Azacytidine
Emetine

6.36 - 7.05
7.05a
7.033

8.70 - 9.36

3.03

a

3.30

8.70

8.50

Interatomic distances of confirmed conformation.

3.68 - 4.02

a
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OCH 3

(26)

(27)
(28)
(29)
(30)

— NHOH

R „ R 2 = C H 3 ; R3=H
R,= R 2 =R 3 = C H 3
Ri,R 2 =CH 3 ;R 3 =CH 2 -Ph
R1+R2=CH2;R3=H
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The triangular pattern, present in both the synthetic and the natural
antileukaemia compounds, seems either to utilize a common transport
mechanism or to influence the binding of the molecules to the relevant
receptor sites of certain biopolymers (e.g. proteins, polysaccharides,
nucleic acids, etc.) involved in the generation of leukaemia. Such
activity may inhibit the reactivity of the active sites of enzymes.
Alternatively, they may alter the specificity of the enzyme or disturb
the transcription process of the templates, or change the permeability
of biological membranes or may disrupt some other functions.
Although these observations are not yet confirmed, and the findings
presented here represent oversimplifications, they offer a promising
working hypothesis for helping to design better and more useful drugs
with antileukaemia activity.

b. Physiological Activity of Benzisoquinoline Derivatives
A number of simple benzisoquinoline compounds were synthesized
by Zee Cheng and CC. Cheng35'36 to accumulate additional information
which may allow formulation of a more solid hypothesis. These
compounds were designed to accommodate both the postulated interatomic
distances and the electronegative centres. The physiological data
observed were then evaluated to determine the minimum steric and
electronic requirements of the molecule and the possible physiochemical
properties needed for useful biological activity.
Compounds (25-30) were synthesized, but none of them possessed
physiological activity. Accordingly, it quickly became evident that
the triangular pattern alone cannot explain and determine the antileukaemia activity. This is not surprising, as many other antileuk-

aemia compounds, e.g. hydroxyurea (31_) , ellipticine (32_) and biologic
alkylating agents do not contain this pattern in their molecules.

17

n

co4>

OjN

0

(35)

(34)

LiAlfy

,1-HCOQH
2-NQOH

3.POCl3

137)
(33)
SyNTHESlS OFUNSUBSTITUTED P H E N A N T H R O I N D OLIZID INES
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There is only a limited amount of information available on
benzisoquinoline compounds in the literature, although their use in
the synthesis of various dyes was also shown to be a promising one. 37
Some compounds of this type have also been found physiologically
effective.

Perhaps the greatest value of the benzisoquinoline type

structures lies in the resemblance of some of their structural
features to those of the phenanthroindolizidine alkaloids.

However,

the effect of the important steric feature, the chirality of the
carbon atom next to the nitrogen atom, was not investigated.

It is

therefore important that the significance of this feature of the
benzisoquinoline structure be explored, and the influence of the
substitution pattern on the aromatic rings be determined.

D. PREVIOUS SYNTHESES OF PHENANTHROINDOLIZIDINE ALKALOIDS
AND BENZISOQUINOLINE DERIVATIVES

a. Syntheses of Phenanthroindolizidines
(1)

The Unsubstituted Molecule
The method devised by Bradsher and Berger 38'39 and by Marchini

and Belleau1*

for the synthesis of phenanthroquinolizidines was

adopted for the synthesis of racemic phenanthroindolizidines.

The

basic (i.e. unsubstituted) skeleton (33) was first synthesized by
Govindachari et al.1*1 who condensed phenanthren-9-aldehyde (34), with
U)-nitrobutyl benzoate (35), then reduced the product (36) with lithium

19

O

o

BzOOCv^x
1-Condensation
i \ iLonoensQT
+
•CH Cl
H l ^ y 2.Hydrolysis
:

G9)
(40)

Pofyphosphoric
Acid

*

Reduction

(3_3)
SYNTHESIS OF UNSUBSTITUTED

(42)
PHENANTHROINO OLIZID INES
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1

jBuOK
Q in THF
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aluminium hydride to the aminoalcohol derivative (37).

This was

then formylated and cyclized to (38) which, upon hydrogenation,
yielded the basic phenanthroindolizidine skeleton (33). Chauncy
et al. condensed benzyl L-prolinate (39) with phenanthren-9-ylmethyl chloride (40) , then hydrolysed the product to the corresponding
acid (41), which was then cyclized to racemic aminoketone (42) with
polyphosphoric acid. The aminoketone (42) was reduced either
directly by sodium dihydrobis (2-methoxyethoxy) aluminate1*

3

or via its

tosylhydrazone derivative by sodium borohydride to (33). A novel
synthesis of the phenanthroindolizidine ring system, starting from
phenanthrene, has been described by Takano et al.**1* The sequence
involves the addition of dichlorocarbene to the 9,10-double bond of
the phenanthrene ring to yield 7,7-dichlorodibenzo[a,c]bicyclo[4,1,0]heptane (43), which was converted to 9-(chloro-2-tetrahydrofurylmethyl)phenanthrene (44) with potassium t-butoxide in
tetrahydrofuran. Dehydrochlorination of (44) with pyridine in
dimethylformamide followed by hydrolysis with alcoholic hydrochloric
acid gave the ketol (45), which was converted to a Schiff-base (46)
by reaction with benzylamine. Reduction of the Schiff-base (46)
with sodium borohydride yielded benzylaminoalcohol (47). Reacting
(47) with thionyl chloride in chloroform followed by stirring with
alcoholic potassium carbonate gave the N-benzyl pyrrolidine (48,
R = Bz) . This was converted to carbamate (49) with carbobenzoxychloride in presence of KHC03 in chloroform; (49) then gave, on
heating with alcoholic hydrochloric acid, the pyrrolidine derivative
(50). Cyclization of the formyl derivative (51) of (50) with
phosphorus oxychloride, followed by reduction with sodium borohydride,
gave (33).

B N i a O H d O l X i dO

SIS3H1NXS

Oaw

O^W

OHD=a (gg)
H=y (S^)
3W0

09 W

03 W

(ZQ)
9

W0
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3W0
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(2)

Tylophorine (1)

Condensation of 2,3,6,7-tetramethoxyphenanthren-9-ylmethyl
chloride (52) with pyrryl magnesium bromide (53) gave the pyrrole
derivative (54), which was reduced to (55), then N-formylated to
(56). Ring closure with phosphorus oxychloride afforded the
quaternary - phenanthroindolizidine salt (57) which was reduced by
sodium borohydride to racemic tylophorine (1) .** In another synthesis of tylophorine (1) ,lf6 methyl 2 ,3,6,7-tetramethoxyphenanthren-9carboxylate (58) was condensed with methyl L-prolinate (59) to yield
an amide (60), which could be reduced under the conditions specified
by Borch1*7 to (61) , then hydrolysed to (62) , which was prepared also,
li. ft

via an alternative route, by Chauncy and Gellert.

Condensation of

2,3,6,7-tetramethoxyphenanthren-9-ylmethyl chloride (63) with benzyl
L-prolinate (39) , followed by hydrolysis of the ester, gave (62).
Cyclization of (62) with polyphosphoric acid gave the aminoketone
(64), which yielded racemic tylophorine (1) via either Clemmensen
reduction**9 or sodium borohydride reduction of its tosylhydrazone
derivative. An alternative route50 utilises the condensation of
veratraldehyde and laevulinic acid to yield (65). Michael addition
between (65) and 3,4-dimethoxybenzyl cyanide (66) yielded (67). The
subsequent hydrogenation of (67) over 10% Pt-C in 10% acetic acid in
ethyl acetate resulted in a double ring closure forming the lactam
(68). The phenanthrene ring was formed readily when (68) was treated
with vanadyl trifluoride in trifluoroacetic acid-dichloromethane at
0°C. Finally, reduction of (69) with excess diborane yielded racemic
tylophorine (1) in good yield.
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(3)

Tylophorinine

(2)

Herbert and Moody1*6 synthesized tylophorinine (2) by a method
similar to the one used for the synthesis of tylophorine (1).
Condensation of methyl 3,6,7-trimethoxyphenanthren-9-carboxylate (70)
with methyl L-prolinate is followed by the formation of intermediates
(71), (72), (73) and (74); the latter was then reduced by sodium
borohydride to tylophorinine (2) .

(4) Tylocrebrine and Isotylocrebrine (12 and 8)
Tylocrebrine and isotylocrebrine was synthesized from
appropriately substituted chloromethylphenanthrenes.51 Condensation
of 2,3,5,6-trimethoxyphenanthren-9-ylmethyl chloride (75) with
benzy L-prolinate in methanol gave the transesterified product (76)
which was hydrolysed to (77). Chauncy and Gellert prepared the
acid (77) via an alternative route: i.e. condensing 2,3,5,6-tetramethoxyphenanthren-9-ylmethyl chloride (75) with benzyl L-prolinate
in dimethylformamide, followed by hydrolysis of the benzyl ester (78).
The acid (77) was cyclized to (79) with polyphosphoric acid, and the
tosylhydrazone of the aminoketone (79) was reduced by NaBH,, to
(±)-tylocrebrine (12). Similarly,51 condensation of 3,4,6,7-tetramethoxyphenanthren-9-ylmethyl chloride (80) with benzyl L-prolinate
in methanol gave the transesterified product (81) which was hydrolysed
to (82). Cyclization afforded (83) which could be reduced to
(±)-isotylocrebrine (8).

(5) Antofine and Wiegrebe's Alkaloid C (18) (19)
2,3,6-Trimethoxyphenanthren-9-ylmethyl chloride (84) was
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converted to its pyrryl derivative (85) , then reduced to the
pyrrolidine derivative (8|) . Formylation of (86) afforded (87),
which was then cyclized to (88) with phosphorus oxychloride.
Reduction of (88) with sodium borohydride gave (±)-antofine (18). >*s
Similarly, 6-benzyloxy-2,3-dimethoxyphenanthren-9-ylmethyl chloride
(89) was converted, through (90), (91), (92) to (93), which was
reduced and hydrogenolyzed to the racemates of Wiegrebe *s Alkaloid C
(19) . A new convenient synthesis of antofine (18) has been
recently reported by Sniekus et al.5Z using the method: "directed
metalation of tertiary benzamides". Metalation of the readily
available phenanthrene amide (94)53 under standard conditions,
followed by treatment with freshly distilled pyridine-2-aldehyde,
gave the intermediate amide alcohol, which was converted without
isolation into pyridino phthalate (95)55 by cyclization with a slurry
of silica gel in chloroform solution. Hydrogenolysis with copper
sulphate activated zinc, followed by esterification gave (96) which
was transformed into the lactam (97) by hydrogenation. Lithium
aluminium hydride reduction of (97) gave (±)-antofine (18).
The stereospecific synthesis of the S_-(+) isomer of (18) was
achieved56 by alkylation of 4,4',5*-trimethoxy-2-nitrodesoxybenzoin
(98) , with S_-(2-pyrrolidon-5-yl)methyl-p-toluenesulphonate (99) to
(100). This ketopyrrolidone was reduced with sodium borohydride
to the hydroxypyrrolidone derivative, which was dehydrated and cyclized
to (101). Reduction of the nitro group to amino group and its
replacement by hydrogen was followed by the opening of the pyrrolizidine ring with BrCN and dehydrobromination to (102). Photolysis
of (102) gave a mixture of (103) and (104). Both were separately
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reduced by LiAlH^ to the corresponding amines, then formylated and
cyclized to (105) and (106), respectively. Separation followed
by NaBH^ reduction of (105) gave the S_-(+)-isomer of (18) .

(6) Septicine (7)
The racemic alkaloid (7) was synthesized from (107),
which was prepared either by N-alkylation of ethyl 2-pyrrolidinyl
acetate with 2-(3,4-dimethoxyphenyl)-3-chloropropionate to (106),
5 8

followed by Dieckmann condensation to (107) or by ring closure
of (108) to (109), followed by desulphurization and hydrolysis of
the ketal to (107). Reaction of the aminoketone (107) with
veratryl lithium gave the aminoalcohol (110) which could be
dehydrated by KHSO^ to (±)-(7).
A stereospecific synthesis59 of (-)-(7) was achieved by
condensing 2,3-di-(3,4-dimethoxyphenyl)-allyl chloride with Lprolinol to (111), then reacting its mesylate (112) with sodium
hydride in DMF.
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E.

SYNTHESES OF BENZISOQUINOLINES
Comparatively little is known about the synthesis of benziso-

quinoline derivatives, yet a fair number of compounds of this type
are known to possess physiological activity. Their synthesis is
discussed under the following headings:

a. Benz[h]isoquinolines
They were synthesized by the methods used for the formation of
simple isoquinoline compounds. Pictet-Spengler cyclization of
l-amino-2-(6-ethylnaphthalen-2-yl)propane (113) with formaldehyde
gave 8-ethyl-4-methyl-l,2,3,4-tetrahydrobenz[h]isoquinoline (114)
which, on dehydrogenation with selenium at 340°, yielded 8-ethyl-4methylbenz[h]isoquinoline (115) .

CH

3

HCHO

HcQ

(113)
Se,3M>
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Synthesis of 1,2,3,4-tetrahydrobenzfh]isoquinoline (117) was achieved
in exactly the same way,61 starting from l-amino-2-(naphthalen-2-yl)
ethane (116).

NH

HCHO/HQ

(116)

(117)

Zee Cheng et al. 35 described another synthesis of these compounds
which also involves the Pictet-Spengler synthesis. Cyclization of
l-amino-2-(6,7-dimethoxynaphthalen-2-yl)ethane (118) gives 8,9dimethoxy-1,2,3,4-tetrahydrobenz[h]isoquinoline (119) only in 30%
yield. Owing to the low yield obtained (119) was prepared by a roundabout method. Formylation of (118) with formaldehyde/acetic acid
gives the formylated product (120) which yielded, by BischlerNapieralski cyclization, with phosphorus pentachloride in chloroform,
dihydrobenzfh]isoquinoline (121). This was then reduced to (119)
by zinc in aqueous acetic acid.
Several preparations,62 albeit not very good ones, of benz[h]
isoquinoline (123) start with oxygen-containing fused tricyclic
heterocycles. l-Hydroxybenz[ h]isoquinoline (123), obtained by heating
7,8-benzisocoumarin (122) in an alcoholic solution of ammonia, was
converted to its chloroderivative (124) with phosphorus pentachloride.
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Dehydrogenation and dechlorination of (124) over palladium on charcoal
in alcoholic NaOH solution yielded benz[h]isoquinoline (125) . An
alternative, equally unattractive, method63 involved the cyclization
of l-chloromethoxy-2-(naphthalen-2-yl)ethane (126) to 7,8-benzoisochroman (127) with aluminium chloride in carbon disulphide.
Subsequent bromination of (127) resulted in the cleavage of the
oxygen-heterocycle ring to yield 2,2'-bromoethylnaphthalen-1-ylaldehyde (128). Heating (128) with ammonia, followed by hydrogenation
gave benz[h]isoquinoline (125).

0 C H 2 Q AlCl3/CS

(126)

(127)
Br,

2-Pd/C/H2
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Benz[h]isoquinoline (125) and its 5-methyl derivative (131) were
prepared successfully,61* but in low yields, by photocyclization of
trans-4-styrylpyridine (129) and trans-4-(a-methyl)styrylpyridine
(130), respectively.

hv

(129) R=H

(125) R-H

(130) R=CH:

(131) R=CH:

A more promising method, by Eloy and Deryckere,65 involves
the thermolysis of the azide (132) to the amide (133) in about 60%
yield.

(132)

(133)
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The diazonium salt, prepared from 3-amino-4-phenylpyridine (134), gave
5,6-dihydrobenz[h]isoquinoline (135) via the Pschorr reaction,66 using
either Gattermann's copper or commercial copper powder for the ring
closure. Dehydrogenation of (135) over palladium on charcoal in
boiling toluene gave (125).

LNdNfr/HiSOfc
2-Poiiidered Copper

(134)

(135)
Dehydrogenation

(125)
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b.

Benz[f]isoquinolines

Coppens67 found that the usual conditions of the BischlerNapieralski68 or the Pomeranz-Fritsch69 isoquinoline syntheses could
not be applied successfully for the preparation of either a- or 3naphthaldehydes.

Schleigh,70 however, varied the above conditions and

achieved Bischler-Napieralski type cyclization of N-(naphthalen-2-ylmethyl)acetamide derivatives (136) to (137) using phosphorus pentoxide
in tetralin.

The yields obtained depended on the substitution pattern

in the side chain of the acylnaphthylethylamines.

-H

P2O5/tetralin

R2

(136)

(137)

Rx

R2

% Yield

(a)

H 21

(b)

H

Me

56

(c)

Me

H

44

(d)

Me

Me

30

Nelson and Hsi

1

used reaction conditions similar to the above

to achieve cyclization of N-(6-methoxynaphthalen-2-ylmethyl)acetamide
(138a and 138b) to 8-methoxy-l,2-dihydrobenz[f]isoquinoline (139).
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<£
P,0
2u5

(138)

(139)

Kessar et al., 72 on the other hand, used polyphosphoric acid in toluene
as the reagent of choice in the synthesis of (141a-f) from (140a-f).

PPA

(140)

(141)

% Yield

R,
(a)

H

Me

90

(b)

H

H

94

(c)

OMe

H

42

(d)

H

Ph

86

(e)

H

COOEt

12

(f)

OMe

COOEt

67
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A more recent synthesis of benz[f]isoquinoline65 involves thermal
cyclization of the azide (142) to the amide (143), which can be
reduced to benz[f]isoquinoline (144).

(142)
Reduction

(144)
Pyrylium salts have also been used, by Zhugietu and Perepelitsa73
in the synthesis of benz[f]isoquinoline. The 2-dimethylacetal (146)
which formed readily from l-methyl-l-hydroxytetrahydronaphthalen-2aldehyde (145), was readily converted to the pyrylium salt (147) by
ACjiO/HClO^. The naphthopyrylium perchlorate formed gave, with ammonia

in ethanol, 3-methyl-9,10-dihydrobenz[f]isoquinoline (148) in theoretic
yield.
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GO,

HO^Me
^^-v^v/CHO

CH(OMe)

Ac2C/HaSi

(145)

(146)

NH 3 /EtOH

(148)

(147)

Pschorr cyclization66 of 4-amino-3-styrylpyridine-l-oxide (149)
to 9,10-dihydrobenz[f]isoquinolin-2-oxide (150) was readily achieved
by reacting the diazonium salt of (149) with Gattermann's copper.
Initial hydrogenation of this to 9,10-dihydrobenz[f]isoquinoline (151)
followed by further hydrogenation, for 36 h on Pd/C in refluxing toluene,
gave (144).

^

r^>,

^

<^>,

Pd/C

,

2. Copper
^N

(151)

Pd/C
Rejluxmg
toluene

=
urtefl
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.64

Finally.photolysis

(152ab,c)
with u.v. light yielded
of 3-styrylpyridines

7

not the expected benz[f]isoquinoline (153) but, as was shown later,74
a mixture of the two isomers (153 and 154) in the ratio of 7:1 in
favour of (153).

r^^

f^\

(153)

(152)

(154)

yields

H

66

CN
Me

57

RESULTS AND DISCUSSION
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A.

AIM AND PROPOSED SYNTHETIC ROUTE

a. Aim

Various phenanthroindolizidine alkaloids, especially tylocrebrine,

are known to possess significant antileukaemia activity in mice but the
claimed high toxicity of these alkaloids in humans (viz. CNS effects)
preclude their clinical use. For this reason several attempts have
been made
(1) to correlate the structure of these alkaloids with their
physiological activity, and
(2) to secure a deeper insight into the cause of the disease
itself.
The design of a simple synthetic process was envisaged for the
preparation of new, active antileukaemia drugs in which the side
effects observed were eliminated or at least decreased, and the
already present antileukaemia activity was increased.
Zee Cheng and CC. Cheng proposed that the N-0-0 triangulation
pattern of a molecule might be responsible for antitumor activity.
This idea relied on the observation that a relatively large number of
compounds possessing antileukaemia activity contain their oxygen and
nitrogen atoms in similar patterns.. Consequently they synthesized a
series of simple compounds containing the above triangulation pattern.
Unfortunately, these compounds failed to show physiological activity.
However, no attempts were made to synthesize simple analogues of the
highly antileukaemic tylophora alkaloids using amino acids other than
L-proline as chiral starting materials.
The aim of this project was to synthesize "simplified
phenanthroindolizidines" in which either the "top" or the "bottom"

50

(155) a.R1=H R*=OH
hR1=OH F?=H

d|6)a. F?=H F?=0H
b. R1=OH R=H
OMe
R1R2

R f =R Z =H
R1=H F?=OHor R=OH R=H

(157) a R1=OH
b. F? = H
(159) a . P M w
b-R^H

(161)

R^H R=CH3
Rk)H R = CH3
F?=H R=C2H5
R£=0H R=C2H5

R W = H, OH

AIM OF PROPOSED

(l58)a.R1=0H R=H
b.R=H R=0H
(160) a i = 0 H i = H
b.R=H R?=0H
(162)
SyNTHESiS

R 1 = R 2 = H , OH

R=CH3
R=CHs
R=C 2 H 5

R=C2H5

51

benzene ring of the phenanthrene ring system was deleted from the
molecule but in which the chiral centres, with a modified substitution
pattern, were retained. For the purpose of further simplification

oxygenation in the aromatic portion of the molecule was deleted, and
the five membered heterocyclic ring "opened"' to alkyl groups.
The design of a new facile synthetic method was not only
desirable but also necessary, as the methods previously employed for
syntheses of phenanthroindolizidines and tetrahydrobenzisoquinolines
suffered, in the first instance, from the following disadvantages:
(1) They utilized highly specialized methods, which could not be
applied to a wider variety of analogues;
(2) They produced mixtures of racemic products due to acid catalyzed
cyclization reactions;
(3) Most of the starting materials, especially those required for
benzisoquinoline syntheses, were not readily accessible;
(4) All yields obtained were low.
The new synthetic route envisaged here would eliminate the
difficulties encountered in the previous syntheses and, if successful,
it could be used not only for the preparation of modified analogues

52

(191)
=

Q. X=OH
b. X=3r
C. X= Cl
(j. X=Mesyl

(192a) X = O H
(192b) x=a

(155a b)
STEREOSPECIFIC SyNTHESIS OF

NAPHTH0[h]lN00LlZDlN0LS

53

(198) X = O H

a. X=OH

X=Cl

b. X= 3r
C. X= Cl
d.X=Mesyl

(200)

(201)
rf R"
r

rH

(I56,a,b)
STEREOSPECIFIC

SyNTHESIS OF

NAPHTHO[f]lN0OLIZIDINOLS

54

but could also be adapted to the needs of large scale manufacture of
the active materials.

b. Proposed Synthetic Route

The synthetic route commences with the condensation of 1- or 2chloromethylnaphthalenes with ethyl L-alaninate, a-amino-n-butyrate,
glycinate and L-prolinate. Two alternative pathways (1) and (2) were
considered:
(1) The first pathway involved reduction of N-substituted a-amino acid
esters to the corresponding a-amino alcohols followed by
(i) either direct cyclization of the amino alcohols, or
(ii) conversion of the alcohols to the corresponding halide
derivatives and Friedel-Crafts cyclization.
(2) The second pathway involved hydrolysis of the N-substituted a-amino
acid esters to the corresponding a-amino acids followed by
(i) either direct cyclization of the amino acids, or
(ii) direct cyclization of the amino acid derivatives where the
secondary nitrogen atom was protected by either a tosyl
group or by benzyloxycarbonyl group, or
(iii) conversion of the amino acids to the acid halide derivatives
and Friedel-Crafts intramolecular acylation, or
(iv) conversion of the N-protected amino acids to the acid halide
derivatives and Friedel-Crafts type intramolecular
acylation.
As attempts by the Friedel-Crafts cyclization method gave little
or no yields, it was assumed that the presence of a basic secondary
nitrogen atom in the molecule is the likely cause of the interference
with the cyclization reaction. Protection of the secondary nitrogen, by
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(l70)a.X=0HR=CH 2 CH 3 R=H
b.X=0HR=CH 2 CH 3 R'=Ts
C.X=Cl R = CH2CH3 R=Ts
(169)Q.X=OH

d66)ax=0HR=CH3 R'=H
ixx=a R=CH 3 R'=H
(167) a. X=0HR=CH 2 CH3 R'=H
b.X=Q R=CH2CH3 R=H
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b.R=CH 3 R=0CH 3

(178)R = C 2 H 5 R = H

(181)

a.R=CH 3
b.R=CH 3
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d.R = CH3
a.R=C2H5
b.R=C2H5
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R=H
R=H
Ff=H
R=H
R=H
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R=H X=0H
R"=H X=Q
R=0CH 3 X=0H
R/=0CH3 x=a
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M
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189a. R=CH3
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=
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\
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y
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(168)
"a. X = O H

b. x=a

(171)
±1'

a. X = 0 H
b. X=OH R'=Ts
C. X=Cl R'=Ts

R=H

* 0

TS

0^

(176)

(161) R 1 = R 2 = H OH
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•H
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(185)
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b. X=OH
c. X=Cl
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R=H
R=Ts
R=Ts

t

^Ts

(188)

(189c)

(162)R = R 2 =H y 0H
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p-toluenesulphonyl

or benzyloxycarbonyl, was therefore

introduced before undertaking intramolecular acylation. Removal of the

protective group would then be followed by reduction of the aminoketone
to yield the compounds envisaged.
Most of the preliminary work was carried out using 1-chloromethylnaphthalene as the aromatic portion of the starting materials.
This was due to its ready availability and consequent cheapness. The

two amino acids L-alanine and L-proline, employed as starting materials
are regarded to be typical of most of the amino acids intended for
future use.
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H-CH3

COOH

NQOQ

(203)
(202)

1. Diborane
2-SOCI2
CH2X

{200 X = O H

(205)

x=a

0

CH3COCI
Nitrobenzene

H3CO

\ ^

H^CO

(206)

< &

COOH
'• Oft
CH?X

H3CO

(207)
(210)

(2ll)
Br
HO

Br

(CH&Sft
H 3 C0

(209)
SyNTHESIS

(208)
OF

DERIVATIVES

NAPHTHALEN-2-yLMETHyi CHLORIOE
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B.

SYNTHESIS OF NAPHTHALENYLMETHYL CHLORIDES

a. Naphthalen-(1- or 2-)ylmethyl Chloride
Synthesis of naphthalen-1-ylmethyl chloride is well documented.7
The usual method for the synthesis of naphthalen-2-ylmethyl chloride is
reduction of 2-naphthoic acid to naphthalen-2-ylmethanol (204) followed
by reaction with thionyl chloride. 2-Naphthoic acid is readily
available by sodium hypochlorite oxidation of 2-acetylnaphthalene
(202). Reduction of 2-naphthoic acid was carried out, until recently,
by direct reduction of the acid or its methyl ester with lithium
aluminium hydride; the direct reduction of the acid gave very low
yields, while the reduction of the ester was long and expensive.
Consequently diborane was employed here for the reduction of 2-naphthoic
acid. By using (3-4 mole) excess of diborane at 5-15°, the alcohol
(204) is formed in quantitative yields. Conversion of the above
alcohol (204) to the corresponding methyl chloride (205) was achieved
readily and without complication by addition of thionyl chloride to a
chloroform solution of the alcohol at room temperature, followed by
warming the solution at 45-50° for 30 min.

b. 6-Methoxynaphthalen-2-ylmethyl Chloride

(1) 6-Methoxy-2-naphthoic acid
The two methods reported in the literature for the synthesis of
6-methoxy-2-naphthoic acid gave very variable results. Friedel-Craft
acetylation, in nitrobenzene,78 of 2-methoxynaphthalene yields 2-acetyl6-methoxynaphthalene (206) which is then oxidised, with hypohalous acid,
to 6-methoxy-2-naphthoic acid (207).
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The Grignard reaction

9

between carbon dioxide and 2-bromo-6-

methoxynaphthalene (208), prepared from 2-bromo-6-naphthol (209), by
methylation, gave the 6-methoxy-2-naphthoic acid in 30-40% yield. The
yield initially obtained was significantly increased when tetrahydrofuran, instead of an ether/benzene mixture, was used as the solvent.
These experiments also showed that the use of freshly prepared solid
carbon dioxide in tetrahydrofuran consistently increased the yield of
the acid to between 70-80%.
6-Methoxy-2-naphthoic acid, similarly to the unsubstituted acid,
was reduced with diborane to the alcohol (210), which was then converted
with thionyl chloride in chloroform to 6-methoxynaphthalen-2-ylmethyl
chloride (211).
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C.

N-ALKYLATION

The condensation of naphthalenylmethyl chlorides with amino acids
(with the exception of proline) presented considerable difficulties.
Monoalkylation of primary amino acids gave very low yields. They
formed large amounts of dinaphthalenylmethyl amino acids in preference.
8 1 8 2

Velluz et al. '

experienced similar problems when they used benzyl

chloride to protect the amino acids glycine or alanine in peptide
synthesis. Of course, this could be attributed to the presence of a
primary amino group in these amino acids, as this renders the molecule
susceptible to dialkylation.
Therefore a detailed study of the condensation between naphthalenylmethyl chloride and amino acid esters was carried out. Govindachari
et al.83' condensed 3,6,7-trimethoxyphenanthren-9-ylmethyl chloride and
methyl L-prolinate in refluxing dioxane in the presence of anhydrous
potassium carbonate. Although this reaction represents alkylation of
a secondary amine, later workers showed that yields of the condensed
products depend also on the nature of the esterifying alcohol, e.g.
methyl L-prolinate gave considerably lower yields than the benzyl Lprolinate. **8 The condensation reaction is influenced also by the
solvent, viz. dimethylformamide gave better results than dioxane. If
the condensation between benzyl L-prolinate and the alkyl halide was
carried out in methanol, transesterification also took place and methyl
N-(.phenanthren-9-ylmethyl)prolinate rather than corresponding benzyl
ester was isolated.
This lack of success with these well established methods
necessitated the development of a new universally acceptable procedure
for the N-alkylation of all amino acids. Ethyl esters of amino acids
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were preferred to methyl or benzyl esters for the following reasons:
(a) methyl ester hydrochlorides are difficult to prepare and
crystallize;
(b) methyl esters are very sensitive to hydrolysis;
(c) hydrolysis of benzyl esters, except in cases where transesterification occurs, involves tedious procedures;
(d) ethyl esters give better yields.
The three main factors, which influence this condensation, are:
(a) the solvent employed for condensation;
(b) the solubility of the ethyl ester hydrochlorides of the amino acids
in the solvent selected; and
(c) the manner of addition of naphthalenylmethyl chlorides.

(a) The Solvent Employed for Condensation
- • The solvent employed plays a critical role in determining the
yields of the N-alkylated products; only propan-2-ol, acetone and
dimethylformamide looked promising. Naphthalenylmethyl chlorides can
react either by S 2 or S 1 mechanisms. The S 2 pathway is possible
1
N
N
N *
*
*
when the carbon atom undergoing nucleophilic attack is not severely
hindered at the site where the substitution reaction takes place, while
the SI pathway is possible when the carbonium ion formed is stabilized
by delocalization of electrons due to the presence of the naphthalene
ring. The effect of solvents on the rate of substitution reactions
8 **

is well documented (cf. review by Parker).

The rate of S 2 substi-

tution reaction is often higher in aprotic solvents, such as acetone or
the aprotic dipolar dimethylformamide. Sates are enhanced
in these solvents because the nucleophiles are less strongly
solvated with the consequent lowering of the activation energy.
of the reaction. The rate of Si reaction is enhanced in protic
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solvents, such as propanol, as they stabilize the intermediate carbonium
ion.

(b) The Solubility of Reactants
Propan-2-ol is the preferred solvent as both naphthalenylmethyl

chlorides (with the exception of 6-methoxynaphthalen-2-ylmethyl chloride
and ethyl amino acid ester hydrochlorides are readily soluble in it.
(The solubility of the ethyl amino acid ester hydrochlorides is
extremely low in acetone.) Dimethylformamide, on the other hand, is
an excellent solvent for 6-methoxynaphthalen-2-ylmethyl chloride.

(c) The Manner of Addition of Naphthalenylmethyl Chlorides
Velluz et al. ' have shown that the manner in which benzyl

chloride is added to either glycine or alanine is critical in determinin

not only the overall yields but also the ratio of the mono- and dialkylated products formed. They showed that N,N-dibenzyl amino acids were

preferentially synthesized when benzyl chloride and the respective amino
acids were refluxed in alkaline solution. On the other hand, yields

of the mono-N-benzyl amino acids were the higher ones when benzyl chlori
was added slowly to a refluxing alkaline solution of the amino acids.
We established in this study that the best yields of N-(naphthalen-l-

ylmethyl)alaninate were obtained when naphthalen-1-ylmethyl chloride was
added slowly, over a period of 6 h, to a refluxing solution of ethyl L-

alaninate hydrochloride in propan-2-ol. We could show (Table 4) that thi
competition between monoalkylation and dialkylation is dependent not
only on the rate of addition of naphthalenylmethyl chlorides but also
on the substitution pattern on the carbon atoms a- to the amino group.

It is quite clear from Table 4 that the larger is the substituent at the

a-carbon; the lower will be the amount of the dialkylated product formed

This is probably due to the steric requirements of the bulky substituent
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Table 4.

Yield (%) of N-alkylation reactions between 1-chloromethyl-

naphthalene and various amino acid ester hydrochlorides in
propan-2-ol

Reactants

1.

% Monoalkylated
product (A)

% Dialkylated
product (B)
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24

Ethyl glycinate

2. Ethyl L-alaninate 70 19

3. Ethyl L-a-aminobutyrate 66 16

4. Ethyl L-valin^ie 72 12

5. Ethyl L-leucinate 75 10

6. Ethyl L-<J)-alaninate 74 13

7. L-prolinate 95 0
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i.e. large a-substituents hinder dialkylation.

Fortunately, any

undesirable dialkylated product formed could be removed by extraction,
with ether, from a 1.5 M hydrochloric acid solution.
In contrast to earlier experiments,

8

**,h

8

in which L-proline

esters were used for N-alkylation during the synthesis of phenanthroindo
lizidine alkaloids, we found that condensation of L-proline itself
proceeds smoothly with naphthalenylmethyl chlorides in propan-2-ol.

Similar results were obtained by Yokouliu and Maksimov85 who successfully
N-alkylated proline with benzyl chloride in aqueous methanolic sodium
hydroxide solution. However, the attempted N-alkylation of L-proline
by naphthalenylmethyl chlorides in aqueous methanolic sodium hydroxide

gave only very low yields and a large amount of undesirable by-products.
The structure of the esters (163-165) were confirmed by their
u.v., i.r. and n.m.r. spectra. The u.v. spectra showed peaks characteristic of the substituted naphthalene ring system; the i.r. spectra

showed a strong band at 1735 cm and an absorbance between 1270-1000 cm ,
characteristic of the ester group. The most significant feature of
the n.m.r. spectra of the esters was the AB quartet, with a coupling
constant of 12-13 Hz, assigned to the benzylic methylene protons.
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D.

CYCLIZATION EXPERIMENTS

a. Cyclization Attempts with Ethyl Esters

Following the successful preparation of optically active ethyl
esters (163-165) of amino acids the possibility of their stereospecific
cyclizations to tetrahydrobenzisoquinolines and naphthoindolizidines
was investigated. Although cyclization of amino acid esters has not
been studied thoroughly, the cyclization of optically inactive ethyl
N-benzylglycinate was described earlier.86

Conc.H 2 S0/ 4

Table 4«. Effect of substituents on the cyclization of ethyl N-benzyl
glycinates

*i

R2

R3

R„

H

H

H

H

15

H

H

CH3

H

36

H

H

CH3

CH3

40

H

H

C7H7

H

50

H

CH3

CH3

H

54

H

CH3

C7H7

H

66

H

CH3

CH3

CH3

49

H

C

CH3

H

40

OCH3

H

CH3

H

12

OCH3

H

C7H7

H

10

6H5

% Yield
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The cyclization of ethyl N-benzylglycinate was achieved by warming it
with concentrated sulphuric acid at 100° for 4-5 h. The yields
obtained were extremely low when polyphosphosphoric acid was used as
the cyclizing agent. The yields of the cyclic aminoketone formed by
cyclization were dependent on both the concentration of sulphuric acid
and on the reaction temperature. The yields improved if the N-benzylglycinate derivatives contained a-alkyl or -aryl substituents. In
case of amino acids other than glycine the substitution pattern on the
nitrogen also effects the yields of aminoketones. However, all

attempts to cyclize either N-(naphthalenylmethyl)glycinate (or alaninate
or a-amino-n-butyrate) or the corresponding dinaphthalenylmethyl
derivatives resulted in extensive decomposition and in the formation of
a complex mixture of intractable products.

X
Table 5.

Attempted Cyclization of N-Substituted Amino Acid Esters
Product

H

H

No basic product

C

H

Extensive decomposition

H

CH3

No basic product

C

CH3

Extensive decomposition

H

C2H5

No basic product

C

C2H5

Extensive decomposition

llH9

11H9

11H9
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The failure of the above reactions to achieve cyclization can probably
be attributed to sulphonation of the naphthalene nucleus under the
conditions employed for the attempted cyclization. The use of polyphosphoric acid offered no advantages; all products of these
cyclizations were, as expected, racemic. This prompted us to modify
the structure of these esters.
The two alternative pathways considered were already outlined.
The compounds, viz. the amino alcohols and the amino acids were prepared
by standard methods. For example, reduction of the ethyl esters
(163- 65) to glycinol, alaninol and prolinol derivatives was readily
achieved by lithium aluminium hydride reduction. Hydrolysis of the
ethyl esters (163-165) with a 1:1 mixture of ethanol and 10% aqueous
sodium hydroxide solution, followed by acidification, readily yielded
the corresponding amino acids (169-171a).

b. Cyclization Experiments with Amino-Alcohols (166-168a & 191a)

Although aromatic compounds can alkylate with alcohols, this
reaction was less frequently investigated than alkylation with either
alkyl halides or alkenes. Nevertheless, alkylation with alcohols
ft 7 ' *-

represents a limited but very useful synthetic method.

A number of

different catalysts, including aluminium chloride, boron trifluoride,
concentrated sulphuric acid or polyphosphoric acid, are usually employed
in this alkylation. The experiments attempted are as follows:
(1) Alkylation with Aluminium Chloride
They are critically dependent upon the quantity of the reagent
and on the temperature used. They are also subject to both rearrangement and hydride exchange. Any variation in the molar ratio,of
aromatic substrate, primary alcohol and aluminium chloride considerably
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affects the yield obtained.

If the ratio of the reagents was 2:2:1,

little or no reaction occurred. If, however, the amount of aluminium
chloride was increased to 2 moles/mole of the reactants (i.e. to a
ratio of 1:1:2) , alkylation occurred readily.

8

Since N-(naphthalen-

ylmethyl) alaninol, glycinol or prolinol possess a basic nitrogen atom
each in their molecule, a very large excess of aluminium chloride is
necessary to achieve such a cyclization. Not surprisingly, it was
shown that the basic nitrogen atom can form stable 1:1 complexes both
with aluminium chloride and boron trifluoride.
Norris90 demonstrated that alkylation proceeds via alkyl halide
formation. The resulting alkyl halide can obviously participate in
the alkylation reaction via the intermediate complex

ROAlCljL ^ RC1 + A10HO.2

The formation of the alkyl halide in the above manner can also occur
by thermal decomposition of the alcohol-aluminium chloride complex.
This results in a modified mechanism:

C2H5OH

+

A1C13 •+•

C2H50H-A1C13

C2H50H-A1C13 -*• C2H50AlCli+ HCI

A
C,H50A1C12
C2H5C1 + A1C13

+
HCI
-*•

C2H5C1

+ A10HCI;z

C 2 H 5 + + AlCl^

The actual mechanism of this reaction is not yet fully established;
some controversy still remains. It is possible that, depending on the
nature of the alcohol (i.e. primary, secondary, tertiary or benzylic)
and the reactivity of the compound to be alkylated, the formation of
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not one but a number of different complexes may be involved.

For

example, alkylation of naphthalene with cyclohexyl alcohol and aluminium
chloride yields a dialkyl derivative

CfiH^OH

91

ALCU

It was hoped that N-(naphthalenylmethyl)alaninol (or glycinol or
prolinol) will cyclize in the presence of aluminium chloride to the
corresponding position of the naphthalene. However, attempts to
achieve such alkylation were unsuccessful. No intermediate alkyl
90
halide could be isolated, as suggested by mechanism proposed by Norris

Although zinc chloride and ferric chloride are weaker Lewis
acids than aluminium chloride, still zinc chloride has been used
successfully in the alkylation of toluene with n-propanol and nbutanol. The reaction temperature required for this reaction was
between 165-170° and alkylation was considered to have occurred via an
olefin resulting from thermal decomposition of the zinc alcoholate
9 3

complex.

Ferric chloride, on the other hand, was shown by Parker

to be ineffective in catalyzing the alkylation of aromatic compounds
with alcohols. Accordingly, both of the above reagents are unsuitable
for the cyclization process proposed.
(2) Alkylation with Boron Trifluoride
Alkylation with boron trifluoride as the catalyst involves the
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formation of an intermediate coordination complex with the alcohol.
Compounds of this type always behave as strong acids. They react as
extremely active catalysts for a wide variety of reactions. Electrical
conductivity experiments show that BF3CH3OH and BF3.C2H5OH can be
regarded as methoxyfluoroboric acid (CH3OBF3)~ H+ and ethoxyfluoroboric acid (C2H5OBF3)~ H , respectively.94
Phosphorus pentoxide, sulphuric acid and benzenesulphonic acid
promote alkylation by BF3-alcohol mixtures. The probable reason for
such an enhancement of reactivity is the ability of these acids to aid
the dehydration of the alcohol and to increase the overall acidity of
the molecule brought about by the addition of a BF3 molecule to the
oxygen atom of the promoter.
BF.

0
HO •-

]

IIs -- OH
II0

Although the above reagent is somewhat less active than
aluminium chloride, rearrangements occur readily. Earlier work carried
out by McKenna and Sowa96 established that alkylation of benzene using
boron trifluoride forms a mixture of mono-, di- and polyalkylbenzenes,
when alcohol, benzene and boron trifluoride is warmed at 60° for 6 h.
Boron trifluoride usually alkylates naphthalene derivatives at
position-2. While boron trifluoride alone is sufficient to alkylate

with isopropyl alcohol, t-butylalcohol and cyclohexyl alcohol, alkylation
with higher alcohols requires the presence of promoters such as
phosphorus pentoxide, sulphuric acid or benzenesulphonic acid.
Boron trifluoride diethyl etherate, a more deactivated catalyst, could
only be used for the cyclization of indole derivatives, e.g.
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4-(indol-3-yl)butan-l-ol to the corresponding 1,2,3,4-tetrahydrocarbazole.98
Attempts to alkylate N-(naphthalenylmethyl)alaninol or glycinol
or prolinol intramolecularly with BF3/P205 and BF3,OEt2/P205, however,
resulted either in the recovery of the starting material or in the
formation of a mixture of intractable products.

Table 6. Intramolecular Alkylation Attempts with Amino Alcohols

Catalyst

Solvent

Product

Temperature

A1C1.

Nitrobenzene

20-30°

A1C1<

Nitrobenzene

50° Starting material +
degradation products

THF

50-60° Starting material +
degradation products

BF 3 /P 2 0 5
BF 3 .OEt 2 /P 2 0 5

(3)

BF3.OEt2

Starting material
recovered

80° Starting material
recovered

Alkylation with Concentrated Sulphuric Acid
and Polyphosphoric Acid

The inactivity of amino-alcohols towards the usual FriedelCrafts catalysts suggested that concentrated sulphuric acid (as in
Haworth's original work)99 might be necessary to effect intramolecular
alkylation. Sulphuric acid has been widely used in the cyclization of
arylaliphatic alcohols but its scope for the synthesis of nitrogen
heterocyclic compounds is rather limited.
Various reaction mechanisms were suggested to explain the action
of these proton-donating species, but realistically, only two paths
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need be considered.

The first one envisions protonation of the

alcohol which may then give rise to a carbonium ion to act as an
electrophile. (If, however, the bond is not highly polarized,
alkylation will probably occur via the protonated alcohol complex.10')
HA Z H+ + A~
R.OH + H t RO+H2
RO H2 t R+ + H20
R + B-H Z Product + H+
ROH2 + B-H =F Product + H20 + H
The second mechanism involves the formation of unsaturated
hydrocarbons, presumably by elimination of the proton from the
carbonium ion R ,. followed by their transformation into alkylsulphonic
acids which then become responsible for the alkylation reaction.
Petyunin and co-workers1 showed in an extensive investigation
of the cyclodehydration of benzylic acid N-arylamides and their
derivatives that ring closure to oxindole derivatives occurs more
readily if an additional aryl group is attached to the indole nitrogen.
Therefore the presence of a second phenyl group on the nitrogen may
facilitate the reaction by providing a second nucleophilic centre where
ring closure might occur.
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Table 6a. Effect of substituents on yields of oxindoles

R^

-^HO^A^

H2S0Z_AC0H

R7
Ar
Ar = CK6Hn 5

R'
R

R'

H

H

100

CH3

H

97

C2H50

H

100

Br

H

96.6

NMe2

H

91.7

H

C6H5

93

H

CH3

52.5

H

C

2H5

92.0

H

butyl

89.0

% Yield

The use of sulphuric acid as a catalyst in the attempted cyclization of N-(naphthalenylmethyl)prolinol or alaninol has the serious
drawback: sulphonation of the naphthalene ring itself with consequent
deactivation of the aromatic ring towards the electrophilic
substitution. Replacement of the sulphuric acid by polyphosphoric
acid provides no improvement. The use of silica gel, a weak dehydrating agent, was also unsuccessful.
The data quoted in Table 7 are in agreement with the failure of
attempted alkylation reactions of amino alcohols, as observed in the
case of phenanthroindolizidine syntheses by Govindachari et al.1* and
Chauncy and Gellert ^8
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Table 7.

Attempted Intramolecular Alkylation with Amino-Alcohols

Using Dehydrating Agents.

Reagent
1.

90% HjSO,,

Reactant
N-(naphthalen-lylmethyl)prolinol

Temp.

Time

Product

80'

h h

No ring closure

\ h

No ring closure

N-(naphthalen-l- 80'
ylmethyl)alaninol

2. Polyphosphoric
acid

3. SiO,

N-(naphthalen-lylmethyl)prolinol

100'

1 h

No ring closure

N-(naphthalen-1ylmethyl)alaninol

100'

1 h

No ring closure

N-(naphthalen-1ylmethyl)prolinol

149°

2 h

Starting material
recovered

N-(naphthalen-1- 149° 2 h
ylmethyl)alaninol

Starting material
recovered
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c.

Attempted Cyclizations with Halomethyl Derivatives

Alkylation of aromatic compounds with alkyl halides has been
both studied and used extensively102 since its original discovery by
Friedel and Crafts in 1877. Although alkyl fluorides are the most
reactive of the halides, only bromide and chloride derivatives were
selected for the present study owing to their more ready availability.
Alkylation with alkyl iodides are less suitable because they are
generally accompanied by side reactions and decomposition.
The relative reactivity of the alkyl halides is governed
primarily by the nature of the alkyl group and, only in part, by the
nature of the halogen atom. Alkylation generally occurs most readily
with tertiary alkyl halides, allyl or benzyl halides, while they are
comparatively slow with secondary and primary halides. Since the
alkyl halides involved in the present study were the comparatively
inert primary alkyl halides, the use of the comparatively powerful
catalyst, aluminium chloride, was investigated. Alkylations with
halomethyl derivatives proceed by one of the two generally accepted
mechanisms:103 the carbonium ion mechanism and the nucleophilic
displacement mechanism. The ability of the alkyl halides to ionize
determines which mechanism will prevail. Tertiary alkyl, allyl and
benzyl halides have the highest tendency to ionize; primary alkyl

halides are least prone to such transformations, while secondary halide
take an intermediate position. As the tendency to ionize declines
the ionic mechanism changes more and more into a nucleophilic substitution mechanism. Therefore the primary halomethyl derivatives used in

the present study alkylate by the substitution mechanism, hence nucleophilicity of the naphthalene ring plays an important role in assisting
this intramolecular alkylation.
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Abundant data are available regarding the cyclization of aryl
aliphatic halides using aluminium chloride as the catalyst. However,

information regarding their use in cases where.the alkyl halide contains
also a basic (or an amidic) nitrogen10k is rather scarce. Examples
of some of these are shown below:

AICI3

AA

H30

H3cA^S^0

N-^0
H

H

X= Cl or Br

AlCU

CD

Attempted Preparation of Bromomethyl Derivatives

Two reagents, namely thionyl bromide and phosphorus tribromide,
are used regularly for the conversion of alcohols to the corresponding
bromides. For example, phosphorus tribromide was used for the
conversion of aliphatic and allylic alcohols to the corresponding
bromides. The same reagent smoothly produces bromomethyl derivative
of N-(phenanthren-9-ylmethyl)prolinol and the bromide formed is stable
at 100° even in the presence of excess phosphorus tribromide. However,
if substituents are present in the phenanthrene ring, e.g. attempts
to brominate N-(2,3-dimethoxyphenanthren-9-ylmethyl)prolinol using
phosphorus tribromide, under the same conditions, no bromide derivative
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Table 8. Attempted Conversion of N-(naphthalen-l-ylmethyl)prolinol
and N-(naphthalen-l-ylmethyl)alaninol to Corresponding
Bromide Derivatives

Reactant

Reagent

Solvent

Temp.

Product

1. N-(naphthalen-1ylmethyl)prolinol

PBr3

CHC13

25°

Starting material
recovered

2. N-(naphthalen-1ylmethyl)alaninol

PBr3

CHC13

25°

Starting material
recovered

3. N-(naphthalen-lylmethyl)prolinol

PBr3

CHC13

70°

Required bromide (30%)

4. N-(naphthalen-lylmethyl) alaninol

PBr3

CHC13

70°

Complex mixture of
products

5. N-(naphthalen-lylmethyl)prolinol

SOBr2

CHCI3

70°

Complex mixture of
products

6. N-(naphthalen-1ylmethyl)alaninol

SOBr2

CHC13

70°

Complex mixture of
products
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could be isolated.1*8

The scope of thionyl bromide in the preparation

of alkyl bromides seems to be more limited, although Elderfield et al. °
used it in the conversion of N,N-diethyl-2-hydroxyl amine to the corresponding bromide. This work attempts the conversion of N-(naphthalen-lylmethyl)prolinol (191a) and U-(naphthalen-1-ylmethyl)alaninol (166a)
to the corresponding bromomethyl derivatives, using both thionyl bromide
and phosphorus tribromide under varying conditions. The results are
outlined in Table 8. Although the use of these reagents for the
bromination was not really successful, the bromomethyl derivative of
prolinol (191b) formed in about 30% yield. In most other cases, however,
either the starting material was recovered unchanged, or a mixture of
only unidentified products was formed.

(2) Preparation of the Chloromethyl Derivatives
As all attempts to synthesize the bromomethyl derivatives via a
general method were unsuccessful, the possibility of using chloromethyl
derivatives was investigated. Phosphorus pentachloride and thionyl
chloride were the obvious reagents of choice. As phosphorus tribromide
at least showed a limited success in the conversion of N-(naphthalen-1ylmethyl)prolinol to the corresponding bromethyl derivative, it was
assumed that phosphorus pentachloride offers the best chance to the
converting of N-(naphthalen-1-ylmethyl)alaninol or prolinol to the
corresponding chloromethyl derivatives. This was borne out by
preliminary experiments using thionyl chloride, phosphorus pentachloride
and phosphorus trichloride for the alkylation reaction.
Thionyl chloride has been used widely in the preparation of
numerous alkyl chlorides from the corresponding alcohols. ' Brooks and
Synder107 used it in the synthesis of tetrahydrofurfuryl chloride from
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Table 9.

Preparation of chloride derivatives of

N-(naphthalen-l-ylmethyl)prolinol and alaninol

Reactant

Reagent

Solvent

Temp.

Product

N-(naphthalen-1ylmethyl)prolinol

PC15

CHC13

45°

5% yield of halide

N-(naphthalen-1ylmethyl)alaninol

PCl5

CHCl3

45°

5% yield of halide

N-(naphthalen-1ylmethyl)prolinol

S0C12

Ether
or
CHC1,

Reflux
for 2h

50% yield of halide

N-(naphthalen-1ylmethyl)alaninol

S0C12

Ether
or
CHC13

Reflux
for 2h

50% yield of halide

N-(naphthalen-1ylmethyl)prolinol

soci2

S0C12

Reflux

70% yield of halide

N-(naphthalen-1ylmethyl)alaninol

S0C12

hh

SOCl2

Reflux

h h

70% yield of halide
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the corresponding alcohol,

60°

+ S0Q 2 + Pyridine
CH20H Nrv^CH^Cl

Chlorination reactions using thionyl chloride are mostly carried

out either without solvent or in chloroform, ether, or pyridine solution.
The preparation of ethyl a-chlorophenylacetate from its hydroxy
derivative was, for instance, successful when thionyl chloride was
employed both as reagent and solvent.

8

16 h
C6H5 - CH - C02C2H5 + S0C12 -»- C6H5 - CH - C02C2H5
|
25°
OH Cl
A thorough investigation of the reaction then determined the best solvent
and most suitable conditions for the synthesis of chloromethyl
derivatives. Table 9 shows that best yields were obtained by gentle
refluxing of the alcohol in excess thionyl chloride in about 30 min.

(3) Attempted Preparation of Sulphonate Esters
Alkylation using p-toluenesulphonates or methanesulphonates
was considered to provide alternative routes to synthesis of naphthoindolizidines and tetrahydrobenzisoquinolines. These esters, being
excellent leaving groups, have been widely used as alkylating agents in
10 9

Friedel-Crafts

type reactions.

For example, Clemo and Watson

found that alkylation of benzene with $-chloroethy1-p-toluenesulphonate,
in.the presence of aluminium chloride, yielded 3_chloroethylbenzene.
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The rate of alkylation via the tosyl esters was much higher than those
obtained by alkyl halides on their own. Alkylation with p-toluenesulphonates therefore requires excess aluminium chloride. This
accounts for the formation of free p-toluenesulphonic acid during the
reaction and for hydrochloride formation at the basic nitrogen atom.
Methanesulphonate esters behave in a similar manner. Russell and
5 9
Hunziker

succeeded in stereospecific synthesis of septicine by reacting

the corresponding mesylate with sodium hydride in DMF.

OMe

OMe
MeO

MeO
Methanesulphonyl

Chloride/Pyridine
MeO

MeO

NQH/OMF

OMe
MeO

MeO
OMe
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Unfortunately all attempts to prepare the tosyl esters of either
N-(naphthalen-l-ylmethyl)alaninol or prolinol were unsuccessful. The
major product obtained was unchanged starting material. Not even
traces of the required ester could be found.
Methanesulphonyl chloride, used as an alternative esterifying
agent, yielded the corresponding alkyl halide. Although Russell and
Hunziker prepared the mesylate by reacting the prolinols with methanesulphonyl chloride .and allowing the mixture to stand overnight in
pyridine solution at 0°, N-(naphthalen-l-ylmethyl)prolinol in our
hands, under identical conditions, produced only the corresponding
chloromethyl derivative. Similar results were obtained also by Chauncy
and Gellert1*8 in the attempted mesylation of N-(2,3-dimethoxyphenanthren-9-ylmethyl)prolinol.
The effects, in the desired intramolecular alkylation of proline
and alanine derivatives, of various Friedel-Crafts catalysts, solvents
and reaction temperatures were explored. The results are outlined in
Table 10. Of the three solvents used, two (nitromethane and nitrobenzene) gave homogeneous reactions, while the third (carbon disulphide)
gave heterogeneous ones. However, all three reactions were unsuccessful. At low temperatures, mostly starting material was recovered,
while at higher temperatures a complex mixture of degradation products
was formed. The only component isolated was the corresponding aminoalcohol which was probably due to hydrolysis of the halides by the
alkali used during the isolation process.
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Table 10.

The effect of variation of solvents and temperature on the

nature of products obtained from N-alkylated aminomethyl
halides in attempted intramolecular alkylation reactions
with aluminium chloride.

Reactant

Chloromethyl and
bromomethyl
derivatives of
pyrrolidine

Solvent

Temp.

Product

Nitrobenzene

25°

Nitrobenzene

60° Starting material +
degraded product

Starting material

Carbor/di sulphide Starting material

Chloromethyl
derivatives of
N-(naphthalenylmethyl) alanine

Nitromethane

Starting material

Nitrobenzene

25<

Starting material

Nitrobenzene

60"

Starting material +
degraded product

Carbon disulphide 25°

Starting material

Nitromethane 40°

Starting material
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PPA

Racemic Ketone

AXJ^/
W

Friedel-Crafts

(192 b)

(193)
Optically active ketone

PPA

169a.R=CH3

R=H

Racemic ketone

- b.R=CH 3
R'=-fe
170a.R=CH2CH3R=H
b-R=CH 2 CH 3 R , =Ts

171 a.R=H
=

b.R = H

R'=H
R=Ts

Friedel-Crafts

g
POSSIBLE ROUTES

OF

INTRAMOLECULAR

Optically active Ketone
ACVLATION
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d.

ATTEMPTS OF INTRAMOLECULAR ACYLATION

As the basicity of the nitrogen atom of the amino acids and

the primary halide character of the alkylating agent successfully defie
all attempts to cyclize either prolinol (191a and 196a) or alaninol
(166a and 180a) derivatives, acylation was attempted as an alternative
route towards the synthesis of the proposed naphthoindolizidine and
tetrahydrobenzisoquinoline compounds. Four of the possible synthetic
routes were investigated to achieve such a cyclization. All of these

require an additional step in the reaction sequence, viz. the protectio
of the basic nitrogen atom by either p-toluenesulphonyl or benzyloxy
carbonyl groups followed by the removal of the protecting group and
subsequent reduction of the a-aminoketone generated.
(1) Direct cyclization of amino acids using either phosphorus oxychloride, or concentrated sulphuric acid or polyphosphoric acid.
(2) Direct cyclization of N-tosyl amino acid derivatives (169b-171b)
using the same reagents as under (1).
(3) Conversion of the amino acids to the corresponding acid halides
(192b and 199) followed by cyclization using conventional FriedelCrafts reaction conditions.
(4) Conversion of N-tosyl amino acids (169b- 71b) to the corresponding
N-tosyl amino acid halides (169c- 71c) followed by cyclization
using the above conventional Friedel-Crafts type reaction
conditions.

(1) Cyclization of the Amino Acid Derivatives (169a-V71aS 192a & 198a)
(i) Phosphorus Oxychloride
Action of phosphorus oxychloride cyclized diphenylamine-2carboxylic acid (212) to acridones (213).11X Phosphorus oxychloride,
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coon.
H

POCU

(212)

however, reacted quite differently with N-(naphthalenylmethyl)proline
hydrochloride.

Heating N-(naphthalenylmethyl)proline (192a) with

phosphorus oxychloride at 110° for 5 min, then adding perchloric acid
to the reaction mixture, gives N- (naphthalenylmethyl) -l-pyrrolidtVu*vi
perchlorate (214).

Because of the instability of this compound in

air it was immediately hydrogenated, without isolation, over Adam's
catalyst to yield the corresponding dihydro compound, N-(naphthalenylmethyl) pyrrolidine (215) .

1.H2/Pt
2- O H 0

(214)
The formation of the intermediate iminium salt (214) could be
accounted for in terms of mechanism proposed by Rothstein and Saville112
for the decarbonylation of trimethyl acetyl chloride by aluminium chloride.

0

0
AlCU
(CH 3 ) 3 C-C©

(CH3)3C—c—a

C(CH3):
C6H6

(CH3)3C +

CO/
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It is proposed that the first step in the above synthesis is the

formation of the acid chloride, which is then converted to iminium salt

COOH

^

A

H

,xoa

x

A
I R.-1780-1790 C m

K2

.©
1670-1680 C m

It should also be noted that recently chiral iminium salts of this type
have been used in several regiospecific syntheses of natural products.
The identity of N-(naphthalenylmethyl)pyrrolidine was established
by spectroscopy. The infrared spectrum of the pyrrolidine derivative
(214) showed a sharp peak of moderate intensity at 1680 cm ,
characteristic of a carbon nitrogen double bond, which disappeared on
hydrogenation. The mass spectrum (c.i.) of the hydrogenated base
showed two diagnostic peaks: m/z 211 (MH ) and m/z 141 (M -C^HgN,
pyrrolidine moiety). The n.m.r. spectrum of the base (215) confirmed
the presence of seven aromatic protons and showed that no cyclization
occurred. It is interesting to note the appearance of a two proton
singlets for the methylene protons between the nitrogen atom and the
naphthalene ring. (The methylene protons of the N-aralkylamino acid
derivatives possessing a chiral centre appear as an AB-quartet.) The
collapse here of this quartet to a singlet presents strong additional
evidence that there are no substituents at position 2- of the
pyrrolidine ring. The correctness of the above structure was confirmed
by synthesis of N-(naphthalenylmethyl)pyrrolidine (215) via an
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alternative synthetic route, viz. by condensing naphthalen-1-ylmethyl
chloride with pyrrolidine in propan-2-ol at 40-50°.

v^,\_ /Cl

s
(ii)

+

Concentrated

N.

Prcpan-2-ol
Na 2 C0 3

Sulphuric Acid and Polyphosphoric Acid

The failure to achieve the desired intramolecular acylation
using phosphorus oxychloride suggested that strong dehydrating agents,
such as concentrated sulphuric acid or polyphosphoric acid, might be
necessary to achieve such cyclizations. Polyphosphoric acid is recognised as a reagent useful for cyclization since the initial discovery
that a mixture of phosphoric anhydride and phosphoric acid can cyclize
arylaliphatic acids to the corresponding ketones. Although
dehydrating agents often act similarly to polyphosphoric acid, the use
of polyphosphoric acid gives better yields, is simpler to use, and is
free from side reactions. This is further enhanced by the fact that
polyphosphoric acid, unlike sulphuric acid, is not a strong oxidising
agent and has little or no tendency to substitute on the aromatic
nucleus,115
Polyphosphoric acid, in various concentrations and at varying
temperatures, has been successfully employed for the syntheses of
quinolines,116 phenanthroquinolizidinesll7 and phenanthroindolizidines.118 Chauncy and Gellert48 showed that it was most suitable for
the intramolecular acylation of substituted N-(phenanthren-9-ylmethyl)
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proline hydrochloride to the corresponding aminoketones although the

yields of the cyclized ketones decreased rapidly as the reaction temper
ature rose above 95°. (It actually reached zero above 120°.) The
concentration of phosphorus pentoxide was less critical than the
temperature as shown by the yields of ketones obtained by Marchini and
Belleau,1*0 who used commercial polyphosphoric acid. Their yields
were very similar to those obtained by Chauncy and Gellert.
Kipping, 118 on the other hand, succeeded, using polyphosphoric
acid, to cyclize the substituted anilinobutyric acid (216) to the corresponding 5,8-dimethoxy-2-methyl-l,2,3,4-tetrahydroquinolin-4-one (217)
in 36% yield.

PPA
OMe

OMe H
IKXH 3

Q

OMe 0

(216)

(217)

Chloro-derivatives of the anilinopropionic acid (218) can
similarly be cyclized.119 These can be achieved without even the need
to protect the secondary nitrogen atom.

0
P P A 120-130

a

• v6
H

(218)

(219)
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Although several dihydroquinolone derivatives were successfully
cyclized from the corresponding anilinopropionic acids possessing no
protecting group on the nitrogen atom, by using polyphosphoric acid,
better yields of the cyclized ketones were obtained when the secondary
nitrogen atom was protected by either a p-toluenesulphonyl or a
^ 12 a

benzyloxyjsarbonyl group.
A thorough investigation of various concentrations of the polyphosphoric acid and the temperatures employed indicated that only
N-(naphthalenylmethyl)prolines (192a and 198 ) are cyclized, in about
15% yield, to the corresponding ketones but attempts to cyclize
N-(naphthalenylmethyl)alanine or glycine or a-amino-n-butyric acid, at
varying temperatures and phosphorus pentoxide concentrations, gave only
traces, if any, of the cyclized ketones (Table 11). Yields of ketones
decreased rapidly as the temperature increased above 100° for proline
derivatives and 115° for alanine derivatives. This confirmed the
findings of Chauncy and Gellert.

8

The most serious limitation to the

use of polyphosphoric acid as an acylation catalyst was, in the present
study, the racemisation of the asymmetric centre. All intermediates
of the synthetic pathways were optically active until cyclization with
polyphosphoric acid resulted in the racemisation of the asymmetric
centre. Such racemisation is of course not surprising. Kunieda and
co-workers121 have shown that both indolizidin-8-one and quinolizidin1-one undergo racemisation rapidly in acidic solution. They postulated

that strong acids will protonate both the nitrogen atom and the carbonyl
group which then facilitates enolization with the consequent formation
of a coplanar intermediate and racemisation.
Owing to the instability of the naphthalenyl ketones, they were
characterised only by their infrared and mass spectra. The infrared

92

Table 11.

Attempted cyclization of N-(naphthalenylmethyl) amino

acids with polyphosphoric acid

Reactant

N-(naphthalen-1-ylmethyl)proline

Reagent

Polyphosphoric
acid

Temp.

Product

95°

Basic ketone 15%
yield

N-(naphthalen-1-ylmethyl)proline

95°

Basic ketone 20%
yield

3. N-(naphthalen-1-ylmethyl)alanine

110°

Traces of basic
ketone

N-(naphthalen-2-ylmethyl)ananine

110°

Traces of basic
ketone

N-(naphthalen-1-ylmethyl)glycine

115°

Traces of basic
ketone

N-(naphthalen-2-ylmethyl)glycine

115°

Traces of basic
ketone

N-(naphthalen-1-ylmethyl)-a-amino-nbutyric acid

110°

No basic product
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spectra showed an absorption band in the region 1670-1680 cm

,

characteristic of a carbonyl group conjugated to an aromatic ring;
the mass spectrum (c.i.) showed one peak corresponding to (MH ) and
the absence of the m/z 141 peak, which is characteristic of all
uncyclized N-(naphthalenylmethyl)amino acid derivatives.

(2) Cyclizations of the N-protected Amino Acids (169a-171a
and 183a - 185a)
The failure of PPA to provide a satisfactory method for the
preparation of the cyclized ketones suggested that protection of the
basic nitrogen, prior to cyclization, might aid the formation of cyclic
chiral ketones. In this investigation, N-oxides were selected for use
in case of proline derivatives (192a) and p-toluenesulphonyl or benzyloxy carbonyl chlorides in the case of alanine derivatives (169a) as
they were extensively employed in the syntheses of quinoline type
compounds. N-Tosyl-N-benzyl-a-propionic acid was cyclized by
Clemo and Perkins123 using polyphosphoric acid. The same method was

later employed for the synthesis of 4-hydroxy and 4-chloroquinolines whi
were important intermediates during the manufacture of drugs based on
aminoquinoline.x2** A variety of N-protecting groups, including acetyl,
benzoyl, benzyl, benzyloxy carbonyl, benzenesulphonyl or p-toluenesulphonyl have been reported in the literature.
Pyridine N-oxide and nicotinamide N-oxide were prepared success12 5

fully by heating the base with hydrogen peroxide and acetic acid.

(f^V"" 3

H202/AcOH

_

^\CH3
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However, N-substituted prolines, e.g. N-(naphthalenylmethyl)prolines
could not be converted to N-oxide derivatives either under these
conditions or by using a high concentration of hydrogen peroxide in
glacial acetic acid. Consequently the use of N-oxides was abandoned.

The nature of the group protecting the nitrogen atom greatly effects the
reactivity of the aromatic nucleus towards electrophilic substitution.
For instance, Brauhholtz and Mann126 examined the cyclization of
3-anilinopropionic acids in which the secondary nitrogen atom was
protected by either an acetyl or benzoyl or p-toluenesulphonyl group.
They observed that protection of the secondary nitrogens by the ptoluenesulphonyl group gave best yields of the aminoketone, while
protection by either acetyl or benzoyl groups resulted in close to

quantitative recovery of either the starting material or the correspondi
anilide formed from the cleavage of the anilino acids. Based on
findings of this study, carbobenzoxy chloride and p-toluenesulphonyl
chloride were selected for the protection of secondary nitrogens,
especially as it was envisaged that their introduction and removal can

be accomplished comparatively easily without racemisation of the a-carbo
atom of the amino acids.
(i) Synthesis of N-tosyl and N-benzyloxy Carbonyl Amino Acids
The relative merits of two different pathways were explored for the

synthesis of N-tosyl and N-benzyloxy^carbonyl amino acids as shown below
The first pathway involved the tosylation (or carbobenzoxylation) of
ethyl N-(naphthalen-l-ylmethyl)alaninate followed by hydrolysis of the
tosylated ester (220) to yield the desired N-tosyl-N-(naphthalen-1ylmethyl)alanine (169b). Braunholtz and Mann synthesized both

a-

N-benzenesulphonyl- and/N-tosyl-anilino
propionic acids by reaction of
the corresponding methyl y3- c^i* 'ho propionate (221) with either benze
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sulphonyl chloride or p-toluenesulphonyl chloride followed by hydrolysis
of the corresponding benzenesulphonyl or tosyl ester derivatives.

C00C 2 H 5

Pathuja/ 1
( 2 2 0 a ) R= Tosyl
(220b)R=Benxyloxy
Carbonyl
Ts

CH3
C00H

Pathway

no

(169a)

COOH

(169b)

fy
«fc

H

(221)

i.3enzenesulphon/l
Chloride or
2'. TsQ

R
R= Tosyl
R= Benxenesulphonyl

*

aaG
N

1
Ts
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In our hands tosylation of the ethyl N-(naphthalen-1-ylmethyl)alaninate
(163) by the above method was unsuccessful but tosylation was achieved,
albeit in low yield, by the method of Zee Cheng et al.36 and carbobenzoxylation by the method of Leplawy. However, attempts to hydrolyse
either ethyl N-tosyl-N-(naphthalen-1-ylmethyl)alaninate (220a) or the

corresponding benzyloxy^carbonyl derivative (220b) under the usual reflux
conditions failed. They resulted in the formation of a complex mixture
of products containing only traces of desired N-tosyl or N-benzyloxy—
carbonyl acid. The use of milder conditions, i.e. stirring the tosylated
ester with 10% methanolic potassium hydroxide for 16 h, at room temperature, resulted in only slightly improved yields and in the recovery of
large amounts of starting material.

H
/^\^CH 3
00C 2 H 5

C0QC2H5 1Josyl chloride
or
3enzyl chloroformate

(163)

(22Pa)R=Tosyl or
(22Qb) 3enzyloxv carbonyl

(169 b)
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Similar results were obtained also with attempted tosylation and

carbobenzoxylation of N-(naphthalen-l-ylmethyl)alanine (169a) (Table 12).
It was necessary to devise a new method for the N-tosylation of
N-(naphthalenylmethyl)amino acids. This was accomplished by carrying
out the tosylation in acetone, at low temperature, with simultaneous
addition of IN sodium hydroxide to maintain the pH of the solution
between 10.4 to 10.5. At these low temperatures hydrolysis of p-toluenesulphonyl chloride is avoided and side reactions are diminished. By the
use of this method N-(naphthalenylmethyl)alanines and glycines were
tosylated quantitatively. Surprisingly, however, the same reaction with

N-(naphthalenylmethyl)-a-amino-n-butyric acid gave only very low yields (
(Table 13). This could probably be explained by steric hindrance, i.e.

by the presence of the larger (ethyl instead of methyl) group next to the
nitrogen atom. Similar results were also obtained during attempted Ntosylations of N-(naphthalenylmethyl)leucine and valine, emphasizing the
role of the a-substituents on the rate of the reaction. N-Tosylation of

N-(naphthalenylmethyl)-a-amino-n-butyric acid could eventually be achieve
in 2N sodium hydroxide solution at 60-70° in about 50% yield. However,
attempts to N-tosylate N-(naphthalenylmethyl)leucine or valine were
unsuccessful even under the modified conditions described above.

H
»CH2CH3
COOH
2N N a O H
Tosyl. chloride
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Table 12.

Attempted tosylation of N-(naphthalenylmethyl)alanine

and glycine derivatives

Reagents

Temp.

Product

IN NaOH +
p-toluenesulphonyl chloride

Room temp.
3h

No tosylated
acid

IN NaOH +
p-toluenesulphonyl chloride

70°
for 1h

10% tosylated
acid

3.

H O , THF and triethylamine
2
+
p-toluenesulphonyl chloride

Room temp.
1 h

No tosylated
acid

4.

C 6 H 6 , triethylamine +
p-toluenesulphonyl chloride

Room temp.
24 h

< 5% tosylated
acid

5.

C•6"6
KH,, pyridine
p-toluenesulphonyl chloride

3 h at
Steam bath

< 10% tosylated
acid

6.

IN NaOH, ether
+
p-toluenesulphonyl chloride

Shake for 3h
at room temp.

No tosylated
acid

7.

Acetone, IN NaOH
+
p-toluenesulphonyl chloride
pH 10.4-10.5

5-10°
for 2 h

Quantitative
yields
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Table 13.

Attempted tosylation of N-(naphthalenylmethyl)-a-amino-

n-butyric acid.

Reagents

1.

Temp.

IN NaOH
+
p-toluenesulphonyl
chloride

3 h at
room temp.

Water, THF,
triethylamine
+
p-toluenesulphonyl
chloride

1 h at
room temp.

Product
No tosylated acid

No tosylated acid

3. Benzene, triethylamine 24 h at
+
room temp.
p-toluene sulphonyl
chloride

Traces of
tosylated acid

Benzene, pyridine
+
p-toluenesulphonyl
chloride

3 h on
steam bath

Traces of
tosylated acid

Acetone, IN NaOH
at pH 10.4-10.5
+
p-toluenesulphonyl
chloride

5-10° for
3 h

No tosylated acid

Acetone, IN NaOH
at pH 10.4-10.5
+
p-toluenesulphonyl
chloride

Refluxing
for 3 h

No traces of acid
but an unidentified
product

2N NaOH
+
p-toluenesulphonyl
chloride

70° for
15 min

50% tosylated
acid

4.

100

Attempts to acylate N-tosyl-N-(naphthalenylmethyl)alanines,

glycines and a-amino-n-butyric acids with polyphosphoric acid intramolecular ly were unsuccessful. Not even traces of cyclized ketones could be
isolated under the conditions used by Clemo and Perkins123 for the
synthesis of quinoline compounds. An attempt to cyclize N-tosylN-(naphthalenylmethyl)alanines with polyphosphoric acid using the method
of Proctor and Thomson128 was also unsuccessful.

(OOa.

AIQ 3 /C 6 H 6

M

(192b)

(193)

AIQ 3 /C 6 H 6

(200)

(199)

N-Ts

SnCU/C 6 H 6

(169c) R = C H 3

(174) R=CH3

(120c) R = C 2 H 5

(175)

(171c)

(176) R = H

R=H

R = C2HS

•
K

%r -R
H

SnOv/CsH,

'"-Ts

(1&3e)R<H 3 R"=H
(1S3flR=CH 3 R=0CH3
(1|AC) R = C2H5R"=H
(185C) R = H R'= H

Wf

H
Ts

(1§6a) R=CH 3
(186b)R=CH3

(127) R<2H 5
(188)

R=HR"
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(3)

Cyclizations of Amino-Acid Chlorides (192b and 198b)

to Cyclic Ketones
After the failure to cyclize amino acids to the corresponding
ketones by polyphosphoric acid, the Friedel-Crafts type intramolecular

acylation of amino acid chlorides was investigated. Although cyclization
by this pathway involved an extra step (i.e. preparation of amino acid
chlorides), this seemed to be promising since acylation of aromatic
compounds by acyl halides and Lewis acids is one of the most thoroughly
studied reactions and is not usually susceptible to rearrangements.
A large number of isatinsJ29 azafluorenones130 and acridones131 were
synthesized by this method. For example, isatin derivatives were
prepared by reacting aromatic amines with oxalyl chloride followed by
cyclization of the product using aluminium chloride. The acid chlorides
of nitrogen heterocycles with an aryl substituent in the ortho position
to carboxylic group undergo cyclization to give azafluorenones and
azanthranols, e.g. 2-phenylquinoline-3-carboxylic acid chloride on
cyclization under Friedel-Crafts conditions gave 2,3-benzo-l-aza-9oxofluorene in quantitative yield.

Acridones were similarly synthesized by cyclization of diphenylamino-2-carboxylic acid chloride. Chauncy and Gellert1?8 however,

obtained only traces of phenanthroindolizidinones when N-(2,3-dimethoxy
phenanthren-9-ylmethyl)prolyl chloride was treated with aluminium
chloride in carbon disulphide. However, in most of these compounds the
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nitrogen atom was either amidic, sulphamidic or only very weakly basic
as, for example, in N,N-(diphenyl)-£-aminopropionic acid. Stronger
bases, such as N-methyl-n-phenyl-g-aminopropionic acid, failed to
• 13 2

cyclize.

The nitrogen atom is secondary in N-(naphthalenylmethyl)-

alanines or glycines or a-amino-n-butyric acids, and tertiary in N(naphthalenylmethyl)proline. They were therefore not expected to
undergo intramolecular acylation. The acid chlorides, however, were
considered capable of forming a peptide linkage with another molecule.
It is also known that acid chlorides containing a basic nitrogen atom,
frequently undergo decarbonylation, a reaction which is facilitated by
electron release from the basic nitrogen,128 Therefore N-(naphthalenylmethyl) alanines, glycines or a-amino-n-butyric acids were, in the
present study, converted to their corresponding N-tosyl derivatives.

Of course, the N-(naphthalenylmethyl)prolines were used without this ext

protection, since its tertiary nitrogen will not undergo any of the abov
mentioned side reactions.

(4) Cyclizations of N-Tosylated Amino Acid Chlorides (169a-71a
A large number of quinoline derivatives were prepared by conversion
of 3-(N-tosylanilino)propionic acid to the corresponding acid halide
followed by reaction with stannic chloride. Although some quinoline
derivatives can be prepared by intramolecular acylation of 3-(N-tosylanilino) propionic acid using polyphosphoric acid, yet Friedel-Crafts
acylation of 3-(N-tosylanilino)propionic acid chloride with stannic
chloride gave both, the best yields and smooth reaction.133
(i) Preparation of the Amino Acid Chlorides
Neither N-(naphthalen-l-ylmethyl)prolyl chloride nor N-tosyl-N-

(naphthalen-1-ylmethylalanyl chloride could be prepared by the method of
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Liwschitz et al.

The use of Vilsimeir's

35

reagent (thionyl chloride

or phosphorus pentachloride and dimethylformamide) was also unsuccessfu

Therefore a detailed study of the synthesis of amino acid chlorides was
carried out to elucidate the most suitable method. Phosphorus pentachloride in benzene or chloroform and in the presence of catalytic

amounts of dimethylformamide enhanced somewhat the yields of amino acid
chlorides, probably involving the following reactive species:

Cl
H,C
3L\
H3C'

H

N-

•C-H

+ PQ5

3c\e
N=
H3C-""

HX
3L\
NH3C-

y

Cl

•0

Q Oimethyl_C torminium
"^Cl chloride

While the low yields obtained in the preparation of N-(naphthalen-lylmethyl)prolyl chloride can probably be ascribed to the very low
solubility of N-(naphthalenylmethyl)proline in chloroform or benzene,
the high solubility of N-tosyl-N-(naphthalenylmethyl)alanines or

glycines or a-amino-n-butyric acids in chloroform and benzene is probabl
responsible for the good yields of their corresponding acid chlorides.
The successful synthesis of N-(naphthalenylmethyl)prolyl chloride

(Table 14 ) was then achieved by mixing the prolines (192a and 198a) and

phosphorus pentachloride in 1:1 ratio and stirring the mixture in benzen
at 45-50°. Formation of amino acid halides requires 1 h, while that of
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Table 14 .

The effect of reagents, solvents and temperatures on

the preparation of N-(naphthenylmethyl)prolyl chlorides

Reagent

Solvents

Temperature

Time

25'

4 h

Starting material

5 min

No acid chloride

Results

1.

soci2

CHC13

2.

S0C12

DMF

100'

3.

(C0C1),

DMF

60<

h h

No acid chloride

4.

S0C12

Ether

Refluxing

2 h

Starting material

5.

(C0C1),

(COC1),

25'

1 h

Incomplete formation of
acid chloride;
isolation difficult.

6.

S0Clo

SOC1,

Reflux
gently

H h

Intractable mixture of
products.

7.

PClc

CHC1,

10-15°

1h

Incomplete formation of
acid chloride.

8.

PC15

C6H6

45-50°

1 h

Complete formation of
acid chloride.
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Table 15.

The effect of reagents, solvents and temperature on the

preparation of N-tosyl-N-(naphthalenylmethyl)amino acid
chlorides.

Reagents

Solvents

Temperature

Time

Results

2 h

Intractable mixture of
products.

1.

SOC1.

DMF

100<

2.

PCI,

DMF

60'

3.

S0C12

S0C12

4.

(C0C1)

(COCP

refluxing

25<

h h Formation of some acid
chloride and precipitate
formed.
h h

Intractable mixture of
products.

1 h

Incomplete formation of
acid chloride.

5. SOC1,

Ether

refluxing

2h

Incomplete formation of
acid chloride + tarry
material.

6.

S0C12

CHC13

refluxing

2 h

Incomplete formation of
acid chloride + a lot of
tarry material.

7.

SOC1,

C6H6

refluxing

2 h

50% formation of acid
chloride + tar.

CeH6

refluxing

2h

60% formation of acid
chloride + tar.

C6H6

45-50°

2 h

Acid chloride formation is
complete and no tar.

8. PCI,

9.

PCI
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N-tosylated amino acid chlorides requires 2 h.

The use of phosphorus

pentachloride was preferred to the use of thionyl chloride as the former

resulted in higher yields of the acid chloride, and the products were byproducts free. Maintenance of temperature from 45-50° is critical in
determining the yields of amino acid chlorides. (Higher temperature

results in the formation of a large amount of tarry material.)136 (Table 15
Amino acid chlorides, due to their extreme sensitivity to moisture, were
used immediately after their formation.
The effects of various solvents, catalysts and temperature
conditions in intramolecular acylation were also explored. The competition between decarbonylation and intramolecular acylation128 is influenced
by judicious choice of solvent, catalyst and reaction temperature. The
correct selection of the ideal reaction conditions is of special

importance as acylation had to be achieved without racemisation (Tables 1

& 17) . Although Friedel-Crafts acylation is a well known and well studie
reaction, no single mechanism can account for all Friedel-Crafts
acylations. In some cases the attacking reagent is believed to be the
acylium cation 0

H

+

[R - C]
produced by the action of the Lewis acid on the acid chloride ('I'
mechanism) .137

0

1

R - C-X + Ml X,
n

o

+

0
II
R—C6

SIOOJ

Fast

R—C—X.MX n

-1

R-

C©

MX n+1

H,©

lOfca

Table l5o.. Optical rotations, yields and melting points of cyclic
aromatic ketones

Compound

Yield (%)

Melting point

Optical rotation

(174)

32

121-122°

+ 96.7 ± 0.7°

(186a)

50

96-97°

+ 145 ± 0.9°

(186b)

11

156-158°

+ 103.7 ± 0.7°

(175)

37.4

137-138°

+ 109 ± 1.4°

(187)

39. 2

104-105°

+ 142.6 ± 2.3°

(193)

36

unstable oil

(200)

37

unstable oil

(161)

52

215-217°

(162)

53..7

184-186°
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Table 16.

Reactions of N-(naphthalenylmethyl)prolyl chlorides with

Lewis acids.

Solvents

Catalysts

Temperature

Time

Product

1.

C 6 H 5 N0 2

A1C1 3

35«

1 h

No traces of ketone

2.

C6H5N02

A1C1,

45"

2 h

No traces of ketone

3.

C6H5N02

A1C1.

70«

1 h

No traces of ketone

4.

CS,

A1C1,

30*

3 h

Traces of ketone

5.

CH 3 N0 2

A1C1,

45<

2 h

No traces of ketone

6.

CHC1.

A1C1,

40'

2 h

Traces of ketone

7.

CHC1,

SnCl,

45'

2 h

No traces of ketone

8.

C6H6

A1C1.

3 h

30% yield of ketone

9.

C6H6

SnCl,

Initially at
5-10°, then
at room
temperature
Initially at
5-10°, then
at room
temperature

24 h

No traces of ketone
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Table 17,.

Reactions of N-tosyl-N-(naphthalenylmethyl) amino acid

chlorides with Lewis acid.

Solvent

Catalyst

Temperature

Time

Product

1.

C 6 H 5 N0 2

A1C1

40'

1 h

Intractable mixture of
products but no traces
of ketone.

2.

CS2

A1C1;

30'

2 h

No traces of ketone.

C

A1C1.

3h

Mixture of ketone +
decarbonylated product.

6H6

C6H6

SnCl.

Initially
at 5-10°,
then at room
temperature.
Initially at
5-10°, then
room temperature.

18 h

3h

40% ketone + small amount
of decarbonylated product.

18 h

5. CHC1,

A1C1,

5-10°

3 h

Extensive decomposition.

6. CHC1,

SnCl,

5-10°

3 h

20% ketone + intractable
mixture of products.
(Better yields for glycine derivative by this
method
50%)
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In other cases, aromatic substitution ('S' substitution
• 1 3 fl

mechanism)

can also be visualized as a nucleophilic displacement

reaction by the aromatic nucleus on the
0:MX

n

II

R - C - X
donor-acceptor complex formed between the carbonyl oxygen and the vacant
orbitals of the catalysts. This would make the nucleophilic attack by
the aromatic ring's electrons on the carbon carrying the leaving group
'X' the rate determining step.

0

0:MX
Fast

II

MX

R-O-X

R—C-S

n

D:MXn

u

n

Slotu

R — :—x
Donor- acceptor
complex

HX

13 9

Gore

was of the opinion that acylation reactions with aromatic

nuclei, ranging in reactivity from chlorobenzene through benzene, to
benzene homologues and naphthalene, proceed chiefly by the substitution
mechanism. This involves the presence of a bulky reagent with large
steric requirement; e.g. acylation of toluene occurs only at the para

position, suggesting involvement of a reagent of large steric requirement
(donor-acceptor complex). Ionic mechanism becomes more important when
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a sterically hindered aromatic position is to be substituted.

The fact

that 2,4,6-tribromobenzoyl halide reacts with aromatic compounds11*0 in
the presence of aluminium chloride supports the proposition that
acylation can also occur by the 'I' mechanism.
Further evidence to the formation of such intermediates was
provided by Cook.lhl He studied, by infrared spectra, the liquid
complexes of aluminium chloride with acetyl chloride in a variety of
solvent systems. The data obtained established that in solvents of high

dielectric constants, e.g. nitrobenzene (e 36.1), both the donor-accepto
C1

+
complex [CH3-C = 0 .... A1C13] and the ions [CH3C0]

and [MX

]

are

present, while in solvents of low dielectric constants, e.g. chloroform
(e 5.05) only the donor-acceptor complex is present. Accordingly, in

solvents of low dielectric constant, acylation would be expected to occu
via an 'S' mechanism, while in solvents of high dielectric constant
acylation will take place both via the 'I1 and 'S' mechanism, depending
upon the steric requirements of the reaction.
It has been shown that optically active tertiary acyl halides
react without racemisation with anisole in the presence of aluminium
1 '•2

chloride to yield optically active ketones.

CH

0

CH 3 - CH 2 - C - C -OH
J
(CH,), A1C1,

1. S0C12
2. anisole

I
CHa
Recently it has also been shown that under carefully controlled
conditions, amino acid halides too can acylate with the preservation of
asymmetry at the a-carbon. This property is then exploited in the
113

synthesis of several natural products.

Ill

(ii)

Choice of the Solvents

The choice of solvent lies between two extremes, viz. nitrobenzene
and carbon disulphide. The former is a good solvent for aluminium
chloride and allows homogeneous reaction to take place, while acylation
in the latter solvent is essentially heterogeneous. Gore et al.139 have
already shown that the solvent selected not only plays a critical role
but, in fact, the mechanism of acylation is dependent upon it. This
study established benzene and chloroform as the most promising solvents.
Intramolecular acylation of prolyl chloride derivatives occurs most
successfully in benzene while that of the N-tosylated amino acid halides
succeed even in the presence of some chloroform in the benzene solution.
(iii) Choice of the Catalyst
Darmer and co-workers1 **3 found, when comparing the activity of
metal chlorides in Friedel-Crafts1 ketone syntheses, that the order of
their reactivity is: aluminium chloride > stannic chloride > titanium
chloride>zinc chloride. The use of strong Lewis acids, such as
aluminium chloride, usually results in extensive decomposition of the
heterocyclic ring system, though N-(naphthalenylmethyl) prolyl chloride
could be cyclized, under carefully controlled conditions, with aluminium
chloride in benzene below 10°. However, the use of aluminium chloride
in an attempt to acylate an N-tosylated amino acid chloride intramolecularly resulted in extensive decarbonylation. Decarbonylation, rather
than acylation, in Friedel-Crafts1 reactions, was also observed by
Proctor and Thomson128 in the case of phenylethylglycines and by
Rothstein and Saville112 in the case of tertiary acid halides. This
fact is accounted for by the stability of the intermediate carbonium ion.
The elimination of the carbon monoxide from the carbonium ion is
promoted, as stated earlier, by electron release from the nitrogen atom

112

and the alkyl group.

In the present study decarbonylation was probably

initiated by electron release from the nitrogen atom (even though it is

protected by tosyl group) and by additional stabilization of the decarbon
lated carbonium ion

CO

-H

©

In cyclizations involving polycyclic nuclei, stannic chloride was
shown to produce better results than aluminium chloride and was found to

be most effective in the cyclizations of N-tosylated amino acid chlorides
In addition, removal of phosphorus oxychloride from the reaction mixture
is not necessary1

ht

* if stannic chloride is used as the catalyst during

the intramolecular acylation of N-tosyl amino acid chlorides. In fact

the presence of some residual phosphorus oxychloride is beneficial for th
reaction. (Excess phosphorus oxychloride must be removed prior to
acylation with aluminium chloride.)
(iv) Selection of Temperature
Heat was shown to be responsible for side reactions. Therefore
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reaction temperature is generally kept at 5-10° in chloroform (slightly
higher temperatures are allowed in benzene) and is never permitted to
rise above 25°.
The formation of optically active compounds from amino acid chlorides
using chlorobenzene as solvent and aluminium bromide as catalyst was
reported to the Hoechst Conference by Rapoport.113 We could, however,
secure no published or personal data on the actual experimental conditions
he used.

Ts
I. XHa
H
C=0:SnCU
Cl
Donor acceptor
complex
-HCI
Ts
^ H

3

O.SnCU

113a.

(193)

(200)
NQBH^

NaBHi,
*

H0-. *H

(155 a)

(155 b)

(156b)

(156 a)

(1J6) R = CH 3
(1J7) R =C 2 H 5
LiAtHi.

(157a)R=CH3 (157b) R = c ^
(159a) R =C 2 H 5 (159b) R = C 2 H 5

(1§8a) R = CH 3
(160a) R =C 2 H 5

(158b) R=CH 3
(1g0b) R = C2H5
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E.

REDUCTION OF NAPHTHOINDOLIZIDINONES AND N-TOSYLTETRAHYDRQ-

BENZISOQUINOLONE DERIVATIVES

Reduction of the ketone to the corresponding alcohols and the
removal of the protective tosyl group from the N-tosyltetrahydrobenzisoquinolone derivatives constituted the final stage of the synthesis.

a. Reduction of Naphthoindolizidinones (193 and 200)
A number of different techniques have been employed in the
conversion of indolizidinone, quinolizidinone, phenanthroquinolizidinone
and phenanthroindolizidone derivatives to the corresponding alcohols.
The relative proportions of the two diastereoisomeric alcohols formed
obey Cram's rule145 and depend upon the nature of the reducing agent.
Aaron et al.146-11*9 studied extensively the reduction of 1-, 2- and 3-

ketoquinolizidines and that of indolizidinones by catalytic hydrogenation,
alkali metal/alcohol reduction and metal hydride reduction. The
configuration of the two isomers formed was determined by studying the

infrared spectra of the isomers in dilute solution of carbon tetrachloride
(to avoid intermolecular H-bonding). Both isomers showed Bohlmann's
bands150 (2840-2845 cm"1) indicative of a trans ring junction (lone pair
of electrons on nitrogen being trans to bridgehead hydrogen atom).
Consequently they differ only in the configuration of the hydroxyl group
relative to the bridgehead carbon atom. One of the diastereoisomeric
alcohols showed a broad band around 3566 cm" , indicative of an intramolecularly bonded OH group (isomer A), while the other isomer showed a
single sharp OH band, indicating a free non-bonded OH group (isomer B).
Examination of the Dreiding models suggested that isomer A must possess
the axial hydroxyl group trans to the bridgehead hydrogen atom regardless
of the prevailing ring size (in order to explain the intramolecular
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hydrogen bonding between OH and the lone pair electrons of the nitrogen

atom), while isomer B has an equatorial hydroxyl group cis to the bridge
head hydrogen atom as shown below:

Isomer A

Isomer B

The ratio of the two isomers, viz. isomer A and isomer B, was 2:7

23% : 77%, respectively, when the corresponding ketone was reduced eithe
by lithium aluminium hydride or by sodium borohydride. The observed

ratio of the two diastereoisomeric alcohols is in agreement with the rul

that the attack occurs predominantly from the side opposite to the axial

bridgehead hydrogen (isomer B), i.e. the attack is not favoured from the
side (isomer A) where the bridgehead hydrogen is situated. This is due

to steric interactions between the attacking hydride and the axial bridg
head hydrogen atom.
Similar results were obtained also by Fodek in the synthesis
of cryptopleurine analogues (phenanthroquinolizidine derivatives).
Govindachari et al.152 utilized sodium borohydride reduction for the
synthesis of tylophorinine, but the diastereoisomeric alcohols produced
were not separated.
The reduction of naphthoindolizidinones (193 and 200) was carried
out by the method of Govindachari et al.152 The two diastereoisomeric
alcohols (155a,b and 156a,b) formed were separated by preparative tlc
using first benzene/methanol/ethanol (20:1:1), then ethyl acetate and
methanol (5:2) as the developing agents. The naphthoindolizidinols
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(155- 56a,b) possessed properties very similar to those of the hydroxyindolizidine. Isomer A showed the presence of an intramolecularly
bonded OH group in the molecule, while isomer B showed a free OH group.
Both isomers had trans ring junctions. The results of i.r. and n.m.r.
spectra of the naphthoindolizidinols are described below:

Naphtho indolizidine
derivative

1.

2.

I.R. spectra
Bohlmann's
region

N.m.r. spectra
OH region

6

J

Naphtho[h]indolizidinol
isomer A

2847

3570(broad)

4.72

2.1

isomer B

2852

3610(sharp)

4.54

7.7

isomer A

2836

3568(broad)

5.08

2.1

isomer B

2845

3609(sharp)

4.99

7.6

Naphtho[f]indolizidinol

The naphthoindolizidinols were further characterised by their mass spectra
(c.i.) which showed peaks at m/z 240 (MH ) and 222 (M -17: OH group).

H OH
NaBHi,

(193)

Major isomer (B)
OH H

d|5b)
Minor isomer (A)

Mfeo.

Table n«x Optical rotations, melting points and yields of
naphthoindolizidinols and tetrahydrobenzisoquinols.

Compound

Melting points

Yields (%)

Optical rotation

(155a)

193-194°

59

- 17.5 ± 2.5°

(155b)

138-140°

21

- 6.1 ± 0.4°

(156a)

234-236°

60

- 15.3 ± 0.2°

(156b)

201-203°

21

- 5.3 ± 0.2°

(157a)

241-242°

52.2

+ 13.2 ± 0.8°

(157b)

225-226°

13.3

+ 25.7 ± 0.8°

(158a)

271-272°

48.8

+ 25.3 ± 0.3°

(158b)

202-204°

13.7

+ 71.6 ± 0.5°

(159a)

210-212°

56

+ 7.1 ± 0.8°

(159b)

195-197°

15.5

+ 31.6 ± 0.8°

56.3

+ 13.7 ± 0.8°

14.4

+ 71.6 ± 0.3°

(160a)
(160b)

220°
200-201°
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b.

Reduction of N-tosyltetrahydrobenzisoquinolone

Derivatives (174-176 and 186-188)

Two pathways were selected to achieve synthesis of the desired
final products. The first one involved the removal of the tosyl group
followed by reduction of the corresponding ketone to diastereoisomeric
alcohols, while the second involved the reduction of the keto group prior
to the removal of protective tosyl group.

Pathway 1

(186a)

(224)

Pathway 2

^R2
,CH 3
'H
•H

(225) a. R = O H R = H
b . R = H R = 0H

(158)a.R = 0H R = H
b-R = H R = O H

The protective p-toluenesulphonyl group is frequently removed either by
acid hydrolysis153 or by reaction with sodium metal in liquid ammonia.
Hydrolysis with a mixture of concentrated hydrochloric acid and glacial
acetic acid have been used successfully for the detosylation of N-tosyl7-methoxytetrahydroquinolin-4-one. Sodium metal in liquid ammonia, on
the other hand, was used in the reductive cleavage of N-methyl-n-tosyl(1-benzyl) histidine.

Recently Zee Cheng and C C . Cheng36

used refluxing
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potassium t-butoxide to remove the tosyl group from N-tosyl-6,7dimethoxybenz[g]tetrahydroisoquinoline.
However, attempts to apply the above methods in the present work
proved unsuccessful. Hydrolysis with either a mixture of hydrochloric
acid and acetic acid or with potassium t-butoxide resulted in the
formation of an intractable mixture of products. This is probably due
to the sensitivity of the resulting ketone (224) to strong acids and
bases.
Due to failure of pathway 1, pathway 2 was explored as a possible
alternative. Reduction of a keto group is simple and well documented.
Metal hydride reduction of the keto group is one of the most widely
studied reactions. Reduction of optically active ketones yields diastereoisomeric alcohols, the relative proportions of which are governed by
Cram's rule. Accordingly the hydride ion will approach the carbonyl
function from the less hindered side and the major product formed will
have the hydride added to the less hindered site of the molecule (i.e.
steric approach control). If a large excess of lithium aluminium
hydride was used for the reduction of N-tosyl-3-methyltetrahydrobenz-

isoquinolones (174 and 186) not only the keto group but also, simultaneous
the tosyl group was removed, giving a pair of diastereoisomeric alcohols
in a ratio of approximately 4:1. If, however, the reaction was carried
out by using low concentrations of lithium aluminium hydride (1:1 mole)
and very mild conditions (kh on ice), only the keto group was reduced,
giving rise to a pair of diastereoisomeric N-tosylated alcohols (225)
also in 4:1 ratio. It is clear from these experiments that reduction of
keto group will take place prior to the removal of the tosyl group. It
is envisaged therefore that, according to Cram's rule,145 the hydride ion
will preferably approach the carbonyl group from the side of the smallest
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group (H in the present case) as shown below:

N-tosyl (L)

N-tosyl (L)

Major isomer
The major isomer will therefore be the alcohol in which both the hydroxy
and methyl groups are on the same side of the ring. Consequently the
minor isomer will have the hydroxy and methyl groups on different sides
of the ring.

KQ

H

(1|8a)
LiAlH,

Major isomer

(18.6a)

(158 b)
Minor isomer
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F.

THE N.M.R. SPECTRA OF AMINO ACID DERIVATIVES AND THE
NAPHTHOINDOLIZIDINE AND TETRAHYDROBENZISOQUINOLINE DERIVATIVES

An examination of n.m.r. spectra of the amino acid esters (163-165
and 177-179), N-tosylated acids and cyclized derivatives revealed a
common significant feature,

R

1
^
M
^
*'C00R2
as

,

7

6

(1§3)R=H R!=CH3 R2 C2H5
(164) R=H R^CjHs R2 = C2H5
(1§9t)R=Ts Ri = CH 3 R 2 =H

(1J4) R=Ts R 1 =CH 3 R 2 +R 3 =0
(1Sab)R=H RrC^Rf-R^H^H
(125) R=Ts R^CzHsR^R^O

(1Z0b)R=Ts

(159ab)R=H R1=C2H5R3=R3=H(0H

R^QHB

R2 = H

3.—k
2.

7

r^r^\i2C00H

5 I*

(192a)

(193)Ri + R82=o
(155at}Ri-H.0H»R2-H, OH

There are two diagnostic features associated with the n.m.r.
spectra which establish clearly and unequivocally whether the attempted
ring closure reactions were or were not successful. The first one is
the anisotropy of the two protons of the methylene group situated
between naphthalene ring and nitrogen atom. The methylene protons
normally appear as an AB quartet for both the cyclized and uncyclized
systems but the coupling constant increases from ca 13 Hz to ca 17 Hz
when the aliphatic chain closes to form the six membered alicyclic
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Table 19.

Chemical shifts and coupling constants of Ar-CH2-N protons

Compound

6
A

&

B

J

AB

(HZ)

Ethyl N-(naphthalenylmethyl)alaninate

4.01

4.25

12.7

3.84

3.98

12.7

Ethyl N-(naphthalenylmethyl)a-amino-n-butyrate

4.02

4.24

12.7

3.77

3.95

13.1

4.60

5.12

13.0

4.61

4.80

12.7

N-Tosyl-N-(naphthalenylmethyl)
alanine

4.61

4.91

16.1

4.50

4.71

16.1

N-Tosyl-N-(naphthalenylmethyl)
a-amino-n-butyric acid

4.93

5.04

15. 7

4.51

4.73

15.9

Ethyl N-(naphthalenylmethyl)glycinate

N-(naphthalenylmethyl)proline

N-Tosyl-N-(naphthalenylmethyl)
glycine

singlet 4..26
singlet 3.,97

singlet 4,.94
singlet 4,,62

N-Tosyl-3-methyltetrahydrobenzisoquinolin-4-one

4. 1

5.66

4.84

5.05

N-Tosyl-3-ethyltetrahydrobenzisoquinolin-4-one

4.99

5.68

4.80

5.06-

N-Tosyltetrahydrobenzisoquinolin4-one

singlet 5,.01
singlet 4,.64

18.1
18.3

18.a
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Table 19 (continued)

Compound

B

J

AB

(HZ)

3-Methyltetrahydrobenz[h]
isoquinquinolin-4-ol
Major isomer

4.08

4.17

Minor isomer

4.19
and so on

4.31

Major isomer

4.18

4.25

Minor isomer

4.23

4.66

3.693.53

4.6Q
4.40

J = 17.1

3-Ethyltetrahydrobenz[h]
isoquinolin-4-ol

Naphtho[h]indolizidinol

J = 17.0

15.5
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tetrahydroisoquinoline ring.
The nonequivalence of methylene protons in the cyclized bases
is in accordance with:
(a) the observation by Fitzgerald and co-workers155 that axial and
equatorial protons (to the nitrogen) in a quinolizidinone have
different chemical shifts;
(b) the observed splitting pattern of C-9 protons in cryptopleurine
and cryptopleuridine;!5

6

(c) the observation by Chauncy and Gellert1*8 that methylene protons
in both uncyclized and cyclized phenanthrylmethyl proline
derivatives show AB type splitting and undergo an increase in
the value of the coupling constant by 3-4 Hz on cyclization.
It is known that methylene protons can be rendered magnetically
non equivalent by an asymmetric centre up to seven bonds away.157
The presence of an asymmetric centre, at carbon 2, in alanine, a-amino-

n-butyric acid and proline derivatives provides such a condition for the
present series of compounds. It was suggested that such non-equivalence
could be due to restricted rotation of aromatic and methylene bonds
which was caused by the spatial requirements of the substituents at C-2
in the pyrrolidine ring. The compounds N-(naphthalenylmethyl)-

pyrrolidines (215) and N-(naphthalenylmethyl)glycine derivatives (171a,b
and 185a,b,c) in which there are no substituents in position 2 of the
pyrrolidine ring and/or no chiral centre (i.e. removing both the cause
for restricted rotation and the asymmetric centre) the H protons appear
magnetically equivalent. The magnetic non-equivalence of methylene
protons of N-(naphthalenylmethyl)alanines strongly suggest that the
mere presence of a chiral centre (irrespective of the restricted
rotation) is sufficient to make the methylene protons magnetically non-
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equivalent.
In the cyclized compounds the angle between the Hi axial proton
o

and the orbitals of the aromatic ring is ca 20.

This allows maximum

contribution to geminal coupling to take place. This may explain the
observed increase (3-4 Hz) in the value of the coupling constant on
,. .• 158

cyclization.
The second diagnostic feature is the deshielding of the aromatic
protons ortho to the carbonyl group. The deshielding has been reported
to occur159 in a number of cyclic aromatic ketones. If the carbonyl
group is attached to the position 1 of the naphthalene ring as in
(186-188), the effected proton appears at 69.15 (instead of at 6 7.75).
The deshielding is, however, small if the carbonyl group is attached to
position-2 of the naphthalene ring, as in compound (174-176) where the
effected protons appear among the other aromatic protons.

EXPERIMENTAL

126

G E N E R A L

Melting points are uncorrected and were determined on a Reichert
hot-stage micromelting apparatus.

All temperatures are expressed in degrees centigrade.

Kieselgel 60 (35-70 mesh) was used for column chromatography
and silica gel 60 F2 5if coated in 0.2 mm thickness on plastic for thin
layer chromatography.

The tlc plates were developed with chloroform/methanol (95:5);
chloroform/methanol (5:1); or benzene unless otherwise specified.
Spots were developed either with iodine vapour or in ultraviolet light.

Combined organic phases from extractions were dried with
anhydrous magnesium sulphate.

Optical rotations were measured on an NPL Automatic Polarimeter
Model 243 (Thorn Automation, Nottingham, England).

Infra-red spectra were recorded on a Perkin-Elmer 283B Infra-red
Spectrophotometer.

Nuclear magnetic resonance spectra were recorded on a Bruker
CXP 300 MHz instrument with tetramethylsilane as the internal standard.
Abbreviations used to describe the n.m.r. spectra are: s, singlet;
d, doublet; t, triplet; q, quartet; m, multiplet; dd, doublet of
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doublet;

ddd, doublet of doublet of doublet;

dq, doublet of

quartet.

Mass spectra (c.i.) were recorded on a Dupont 21-419B
spectrophotometer.

Microanalyses were carried out by Amdel .Australian Microanalytical Service, Melbourne, Victoria.
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A.

SYNTHESIS OF NAPHTHALENYLMETHYL CHLORIDES

Ca) Naphthalen-1-ylmethyl chloride

A mixture of naphthalene (25.6 g, 200 mmol), paraformaldehyde
(11 g) , glacial acetic acid (26 ml), 85% phosphoric acid (16.5 ml)
and concentrated hydrochloric acid (36.2 ml) was heated in a paraffin
bath at 80-85°. After stirring for 6h, the reaction mixture was
cooled to 15-20°, washed with cold water (2 x 100 ml), 10% aqeuous
potassium carbonate solution (50 ml) and again with cold water (50 ml).
The organic phase was dissolved in ether (50 ml) and the ether solution
dried over anhydrous potassium carbonate. The ether was evaporated
to yield (27.8 g, 79%) of a pale yellow oil. The oil
was distilled at reduced pressure (2 mm Hg) at 120° to yield the
chloride (16.7 g, 47.7%) as a colourless viscous oil (Lit.76 b.p.
120-122° 2 mm Hg).

(b) Naphthalen-2-ylmethyl chloride (205)

(i) Naphthalen-2-ylmethanol (204)
2-Naphthoic acid (203) (5.0 g, 29.1 mmol) was added slowly with
stirring to a suspension of sodium borohydride (0.95g, 24.9 mmol) in
dry tetrahydrofuran (50 ml). The solution, while protected from
moisture, was stirred until no further effervescence occurred. It was
then cooled in ice and boron trifluoride diethyletherate (4.49 ml,
34.9 mmol) in dry tetrahydrofuran (15 ml) was added dropwise over a
period of 30 min. After stirring for 2.5 h in ice the solution was
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added to 500 ml of dilute ammonia solution.

The resulting alcohol

was extracted with ether (3 x 50 ml) , washed with saturated sodium
chloride solution, dried and evaporated to give white crystals of
naphthalen-2-ylmethanol (204) in quantitative yield. Analytical
sample recrystallized from ethanol, melted at 79° (Lit.77 80°).

Mass spectrum (c.i.) m/z 159 (MH ) and 141 (M+-17):
OH group).

(ii) Naphthalen-2-ylmethyl chloride (205)
Thionyl chloride (12.4 g, 104 mmol) was added to a stirred
solution of naphthalen-2-ylmethanol (204) (5.5 g, 35 mmol) in dry
chloroform (100 ml) and the mixture was heated at 45-50° for 2 h.
After cooling, the solution was washed twice with cold water (2 x 100
ml), then with saturated sodium chloride solution. The solvent was
evaporated under reduced pressure to yield the chloride (4.5 g, 74%) ,
as light brown oil which solidifies on cooling giving white crystals,
m.p. 44-45° (Lit.77 44°).

(c) 6-Methoxynaphthalen-2-ylmethyl chloride (211)

(i) 6-Bromo-2-methoxynaphthalene (208)
6-Bromo-2-naphthol (209) (22.3 g, 0.1 mol) was dissolved in
0.67M sodium hydroxide (300 ml, 0.2 mol) and warmed slowly with stirring
with dimethyl sulphate (12.6 g, 0.1 mol) to 70°. The mixture was then
cooled to 25°, another portion of dimethyl sulphate (6.3 g, 0.05 mol)
added and the solution heated to 70°. On cooling in ice the mixture
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deposited white crystals of 6-bromo-2-methoxynaphthalene (17.0 g,
71.7%). Recrystallized from absolute ethanol, it melted at 103°
(Lit. 102-104°). Most of the unreacted 6-bromo-2-naphtho1 was
recovered from aqueous filtrate.

(ii) 6-Methoxy-2-naphthoic acid (207)
A mixture of the above 6-bromo-2-methoxynaphthalene (10 g,
42.2 mmol), magnesium turnings (1.05 g, 43.8 mmol) and a crystal of
iodine in dry, freshly distilled tetrahydrofuran (30 ml) was warmed
slightly until a vigorous reaction commenced. The mixture was refluxed
for lh, then cooled in a freezing mixture, and added to a stirred
slurry of freshly prepared powdered solid carbon dioxide (15 g) in
dry tetrahydrofuran (30 ml). The mixture was stirred for 2h with
continuous addition of excess solid carbon dioxide, then for another
2h at room temperature. The unreacted magnesium was destroyed with
cold 1:1 HC1/H20 solution and the tetrahydrofuran was evaporated under
reduced pressure. The crude precipitate was filtered, washed with
ether, then recrystallized from ethanol to yield the acid (5.1 g, 60%)
as colourless needles, m.p. 203° (Lit.81* 202°).
Mass spectrum (c.i.) 203 (MH ).

(iii) 6-Methoxynaphthalen-2-ylmethanol (210)
6-Methoxy-2-naphthoic acid (207) (6.0 g, 29.7 mmol) was added
slowly with stirring to a suspension of sodium borohydride (0.97 g,
25.4 mmol) in dry diglyme (55 ml). The solution, while protected
from moisture, was stirred until no further effervescence occurred.

It was then cooled in an ice-bath and boron trifluoride diethyletherate
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(4.58 ml, 35.6 mmol) in dry diglyme (15 ml) was added to it over a
period of 30 min. After stirring for another 1.5 h in an ice-bath,
the solution was poured into 500 ml of dilute ammonia. The resulting
precipitate was filtered, and recrystallized from aqueous ethanol to
yield the alcohol (3.5 g, 62.7%) as colourless needles, m.p. 65°
(Lit.77 64°).
Mass spectrum (c.i.) m/z 189 (MH ) and 171 (M -17; OH).

(iv) 6-Methoxynaphthalen-2-ylmethyl chloride (211)
Thionyl chloride (5.9 g, 49.5 mmol) was added to a stirred
solution of 6-methoxynaphthalen-2-ylmethanol (3.1 g, 16.5 mmol) in
dry chloroform (60 ml) and the mixture was warmed at 45-50° for lh.
After cooling, the chloride was extracted from the solution as described
for naphthalen-2-ylmethyl chloride, as a light brown oil (2.9 g, 85%)
— • 7 7

which solidifies on cooling giving white crystals, m.p. 47° (Lit.
48°) .
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B.

N-ALKYLATION

(a) Ethyl S-(+)-N-(naphthalen-1-ylmethyl)alaninate (163)

Naphthalen-1-ylmethyl chloride (5.0 g, 28.3 mmol) dissolved in
dry propan-2-ol (20 ml) was added dropwise, over a period of 6 h, to
a refluxing solution of ethyl L-alaninate hydrochloride (5.65 g,
36.8 mmol) in dry propan-2-ol (50 ml) in the presence of solid anhydrous
sodium carbonate (3.9 g, 36.8 mmol). After refluxing the mixture
overnight, the propan-2-ol was evaporated and the residue poured into
water (50 ml) . The product was extracted with ether (3 x 30 ml) from
which it was re-extracted into 1.5M hydrochloric acid (4 x 30 ml) .
The acidic solution was basified with cold 40% sodium hydroxide solution

and the free basic ester was extracted with dichloromethane (4 x 25 ml) .
After drying the solution with magnesium sulphate, the solvent was
evaporated to yield the ester (5.1 g, 70%) as a light brown viscous oil.

[a]2° +29.6 0.2° (c 1.27 in CHCl3).

Found: C, 74.8: H, 7.4; N, 5.5
Calc. for C16H19N02: C, 74.7; H, 7.4; N, 5.5%

Nmr spectrum (CDC13): 6 1.24, t, J 7.1 Hz, -COOCH2CH3; 1.31, d,

J 7.0 Hz, -CH-CH3; 3.45, q, J 7.0 Hz, H3'; 4.01 and 4.25, ABq, J 12.7 Hz,
HI; 4.16, q, J 7.1 Hz, -COOCH2CH3; 7.36, dd, J3
H3; 7.44, dd, J2

4

1.4 Hz, J2

3

2

6.8 Hz, J^4 8.1 Hz,

6.8 Hz, H2; 7.49, ddd, 2H, J^8 = J^

1.6 Hz, Jc _ = J., , 6.8 Hz, J. = J_ p 8.4 Hz, H6 and 7; 7.71-8.18,
6,7
7,6
6,5
/,«
m, 3H, ArH 4,5,8.
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+
+
Mass spectrum (c.i.) m/z 258 (MH ) , 184 (M -73: COOC2H5)
and 141 (M -116: alanine ethyl ester).

(b)

Ethyl S-(+)-N-(naphthalen-2-ylmethyl)alaninate (177a)

The ethyl N-(naphthalen-2-ylmethyl)alaninate was prepared and
isolated, as described for the ethyl N-(naphthalen-l-ylmethyl)alaninate, from ethyl L-alaninate hydrochloride (5.65 g, 36.8 mmol),
anhydrous sodium carbonate (3.9 g, 36.8 mmol) and naphthalen-2-ylmethyl
chloride (5.0 g, 28.3 mmol). After refluxing the mixture overnight,
the dichloromethane was evaporated to yield the ester (3.9 g, 53%) as
a light brown oil.

[a]2" +34.6 ± 0.3° (c. 1.27 in CHC13).

Found: C, 74.6; H, 7.5; N, 5.6
Calc. for C16H19N02: C, 74.7; H, 7.4; N, 5.5%.

Nmr spectrum (CDC13): 6 1.28, t, J 7.1 Hz, -COOCH2CH3, 1.35,
d, J 7.1 Hz, -CH-CH3; 3.41, q, J 7.1 Hz, H3*: 3.84 and 3.98, ABq,
J 12.7 Hz, HI'; 4.18, q, J 7.1 Hz, -COOCH2.CH3; 7.45, m, 3H, ArH 3,6,7;
7.75, d, J 1.8 Hz, HI; 7.78-7.83, m, 3H, ArH 4,5,8.

Mass spectrum (c.i.) m/z 258 (MH + ), 184 (M+-73: COOC2H5) and
141 (M+-116; alanine ethyl ester).
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(c)

Ethyl S-(+)-N-(6-methoxynaphthalen-2-ylmethyl)alaninate (177b)

6-Methoxynaphthalen-2-ylmethyl chloride (3.5 g, 16.9 mmol) in
dry dimethylformamide (15 ml) was added to a stirred suspension of
ethyl L-alaninate hydrochloride (3.38 g, 22 mmol) and freshly fused
and crushed sodium carbonate (2.34 g, 22 mmol) in freshly distilled,
dry dimethyl formamide (30 ml). The mixture, protected from moisture,
was stirred overnight at 60° then poured into IN hydrochloric acid
(200 ml). The cooled solution was, after extracting it with ether
(3 x 50 ml), basified with 40% sodium hydroxide solution and extracted
with dichloromethane (4 x 30 ml). The combined dichloromethane layer
was washed with water (2 x 50 ml), dried and evaporated under reduced
pressure to yield the crude ester (3.1 g, 63.7%) as a brown oil which
was purified by passing it through a silica gel column. Elution with
chloroform/methanol (19:1) separated the desired ester, R 0.75
CHCl3/MeOH (19:1). After evaporation of the solvent the residue was
recrystallized from chloroform/ether to yield the ester as light brown
solid, m.p. 45-46°.

[a]2,0 +25.7 ± 0.7 (C. 1.43 in CHC13) .
d
Found: C, 70.9; H, 7.6; N, 5.1
Calc. for C17H21N03: C, 71.1; H, 7.3; N, 4.9%.

Nmr spectrum (CDCl3) : 6 1.28, t, J 7.14 Hz, -COOCH2CH_3_, 1.34,
d, J 7.0 Hz, -CH-CH3; 3.42, q, J 7.0 Hz, H3; 3.81 and 3.94, ABq,
J 12.8 Hz, HI'; 3.91, s, -OCH3; 4.19, q, J 7.14 Hz, -COOCH2CH3; 7.11,
d, J 2.5 Hz, H5; 7.13, dd, J?^ 2.5 Hz, J?^ 8.7 Hz, H7; 7.44, dd,
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J3

1.8 Hz, J 3

8.3 Hz, H3;

7.69, m, 3H, ArH 1,4,8.

Mass spectrum (c.i.) m/z 288 (MH ) , 214 (M+-73: COOC-H,-) ,
171 (M -116: alanine ethyl ester)

(d)

Ethyl S-(+)-a-(naphthalen-1-ylmethylamino)-n-butyrate (164)

The ethyl a-(naphthalen-1-ylmethylamino)-n-butyrate was
prepared and isolated, as described for ethyl N-(naphthalen-l-ylmethyl)alaninate, from ethyl a-amino-n-butyrate hydrochloride (6.17 g,

36.8 mmol), anhydrous sodium carbonate (3.9 g, 36.8 mmol) and naphthalen1-ylmethyl) chloride (5.0 g, 28.3 mmol) in propan-2-ol (70 ml). After
refluxing the mixture overnight, the ester was isolated as a light
yellow oil (5.1 g, 66.4%).

[a]2°

Found:

+32.6 ± 0.4° (C. 4.64 in CHC1 3 ).

C, 75.3; H, 8.1; N, 5.1

Calc. for C17H21N02: C, 75.3; H, 7.8; N, 5.2%.

Nmr spectrum (CDC13): 6 0.92, t, J 7.4 Hz, -CH-CH2-CH3; 1.24,
t, J 7.1 Hz, -COOCH2CH3; 1.66, m, -CH-CH2-CH3; 1.90, s, N-H; 3.28, t,
J 6.5 Hz, -CH-CH2-CH3; 4.02 and 4.24, ABq, J 12.7 Hz, HI; 4.20, q,
J 7.1 Hz, -COOCH2CH3; 7.36, dd, J3

2

6.9 Hz, J3

4

8.1 Hz, H3; 7.40, dd,

J„ „ 1.5 Hz, J , 6.8 Hz, H2; 7.47, ddd, 2H, J = J 1.5 Hz,
2,4
2,3
o,Q3,y
J = J„ ,. 6.8 Hz, Jr c = J_ 0 8.3 Hz, H6,7; 7.70-8.20, m, 3H, ArH 4,5,8,
6,7
7,6
6,5
7,8
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+
+
Mass spectrum (c.i.) m/z 272 (MH ) , 198 (M -73; COOC2H5) and
141 (M -130: ethyl a-amino-n-butyrate).

(e) Ethyl S-(+)-a-(naphthalen-2-ylmethylamino)-n-butyrate (178)

The ethyl a-(naphthalen-2-ylmethylamino)-n-butyrate was prepared
and isolated, as described for the ethyl N-(naphthalen-l-ylmethyl)alaninate (163), from ethyl a-amino-n-butyrate hydrochloride (9.99 g,
59.7 mmol), sodium carbonate (6.32 g, 59.7 mmol) and naphthalen-2-ylmethyl chloride (8.1 g, 45.9 mmol). After refluxing overnight, the
ester was isolated as a yellow oil (6.5 g, 52.2%).

[a]2° + 46.8 ± 1.7° (c. 5.86 in CHC1-).
D

d

Found: C, 75.1; H, 8.0; N, 5.5
Calc. for C17H21N02: C, 75.3; H, 7.8; N, 5.2%.

Nmr spectrum (CDC13): 6 0.94, t, J 7.4 Hz, -CH-CH2-CH3; 1.23,
t, J 7.1 Hz, -COOCH2CH3; 1-68, m, -CH-CH2-CH3; 1.92, s, N-H; 3.22, t,
J 6.5 Hz, -CH-CH2-CH3; 3.77 and 3.95, ABq, J 13.1 Hz, Hi'; 4.15, q,
J 7.1 Hz, -COOCH2CH3 ; 7.39, m, 2H, ArH 6,7; 7.46, dd, J^4 8.5 Hz,
J 1.8 Hz, H3; 7.75, d, J 1.8 Hz, Hi; 7.76, m, 3H, ArH 4,5,8.
J fX

Mass spectrum (c.i.) 272 (MH+), 198 (M+-73: COOC2H5) and
141 (M+-130) : ethyl a-amino-n-butyrate).
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(f)

Ethyl N-(naphthalen-1-ylmethyl)glycinate (165)

The ethyl N-(naphthalen-1-ylmethyl)glycinate (165) was prepared
and isolated, as described for ethyl N-(naphthalen-l-ylmethyl)alaninate
(163i) , from ethyl glycinate hydrochloride (8.22 g, 58.9 mmol), sodium
carbonate (6.25 g, 58.9 mmol) and naphthalen-1-ylmethyl chloride (8.0 g,
45.3 mmol) in propan-2-ol (50 ml). After refluxing the mixture
overnight, the ester was isolated as light brown oil (7.0 g, 63.6%).

F

°und: C, 74.3; H, 7.3; N, 5.9

Calc. for C15H17N02: C, 74.1; H, 7.0; N, 5.8%.

Nmr spectrum (CDC13): 6 1.29, t, J 7.1 Hz, -COOCH2CH3; 3.51,
S, H3 ; 4.21, q, J 7.1 Hz, -COOCH?CH^; 4.26, s, HI ; 7.42, dd, J
3,2
6.8 Hz, J
8.1 Hz, H3; 7.47, dd, J
1.5 Hz, J 0 6.8 Hz, H2;
~> 1 ^

2'-, 4

7.53, ddd, 2H, J = J 1.5 Hz, J = J 6.8 Hz, J, = j
6,8
5,7
6,7
7,6
8.3 Hz, H6,7; 7.76-8.23, m, 3H, ArH 4,5,8.

2,3

6,5

7,8

Mass spectrum (c.i.) m/z 244 (MH , 170 (M -73: COOC2H5) and
141 (M -102: glycine ethyl ester).

(g)

Ethyl

N-(naphthalen-2-ylmethyl)glycinate (179)

The ethyl N-(naphthalen-2-ylmethyl)glycinate (179) was prepared

and isolated, as described for the ethyl N-(naphthalen-l-ylmethyl)alanina

(163) , from ethyl glycinate hydrochloride (6.16 g, 44.2 mmol), anhydrous
sodium carbonate (4.68 g, 44.2 mmol) and naphthalen-2-ylmethyl chloride
(6.0 g, 34 mmol). After refluxing the mixture overnight, the ester
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was isolated as a brown oil (4.2 g, 51%).

Found: C, 74.2; H, 7.0; N, 5.8
Calc. for C15H17N02: C, 74.1; H, 7.0; N, 5.8%.

Nmr spectrum (CDC13) : 1.26, t, J 7.1 Hz, -COOCH2CH3; 3.44,
s, H3 ; 3.97, s, HI ; 4.18, q, J 7.1 Hz, -COOCH2CH3; 7.46, m, 3H,
ArH 3,6,7; 7.76, d, J 1.8 Hz, HI; 7.79-7.83, m, 3H, ArH 4,5,8.

Mass spectrum (c.i.) m/z 244 (MH ), 170 (M+-73: COOC2H5) and
141 (M -102: glycine ethyl ester).

(h) S-(-)-N-(naphthalen-1-ylmethyl)proline (192a)

A mixture of naphthalen-1-ylmethyl chloride (5.0 g, 28.3 mmol),
anhydrous sodium carbonate (3.9 g, 36.8 mmol) and L-proline (4.24 g,
36.8 mmol) in propan-2-ol (50 ml) was refluxed for 4-5 h. The propan2-ol was evaporated under reduced pressure and the residue dissolved
in water (50 ml) . The aqueous solution was extracted with ether (3 x
30 ml) , then acidified with 6N HCI. The cloudy acidic solution was
evaporated to dryness and the residue refluxed with concentrated
hydrochloric acid for 30 min. The aqueous hydrochloric acid was

evaporated in vacuo and the residue recrystallized from methanol/acetone
to yield the hydrochloride of (192a) (7.1 g, 84.7%) as colourless
needles, m.p. 191-192°.

[a]2° -31.9 ± 0.6° (c. 1.13 in CHC1J .
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Found:

C, 66.1; H, 6.3; N, 4.6

Calc. for C16H18N02C1: C, 65.9; H, 6.2; N, 4.8%.

Nmr spectrum (CD3OD): 6 2.01, m, 4H, H3' and 4'; 2.54, m, 2H,
H5'; 4.49, dd, J 8.3 Hz, J 9.1 Hz, H2'; 4.60 and 5.12, ABq, J 13.0 Hz,
HI'; 7.45, J3^ 7.0 Hz, J3 ^ 8.2 Hz, H3; 7.49-7.61, ddd, 2H, J =
J

6,8 1"5

dd, J2

4

HZ

' J6,7

= J

7,6 6"9

HZ

' J6,5

= J

7,8 8*4

H2

'

H6 and 7; 7 67

' '

1.1 Hz, J2 7.0 Hz, H2; 7.84-8.32, m, 3H, ArH 4,5,8.

Mass spectrum (c.i.) m/z 256 (MH ),210 (M+-55) and 141 (M+-114).

(i) N-(Naphthalen-2-ylmethyl)proline (198)

The N-(naphthalen-2-ylmethyl)proline was prepared and isolated,
as described for N-(naphthalen-l-ylmethyl)proline (192a) from L-proline
(5.08 g, 44.1 mmol), anhydrous sodium carbonate (4.68 g, 44.1 mmol) and
naphthalen-2-ylmethyl chloride (6.0 g, 34 mmol) in propan-2-ol (55 ml).
The basic solution was acidified and the resulting precipitate was
filtered off and recrystallized from methanol/acetone to yield the acid
(7.0 g, 81%) as colourless prisms, m.p. 230°.

[a]2° -21.7 ± 0.5° {C. 1.32 in CHC13)
D
Found: C, 75.6; H, 6.7; N, 5.5
Calc. for Ci6Hi6N02: C, 75.3; H, 6.7; N, 5.5%.

Nmr spectrum (CD3OD): 6 2.18, m, 4H, H3' and 4'; 2.68, m, 2H,
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H5' ; 4.54, dd,

J 8.1 Hz, J 9.2 Hz,

H2';

4.61 and 4.80, ABq, J 12.7 Hz, Hi'; 7.42-7.51, m, 2H, ArH 6,7; 7.53,
dd, J3 1.8 Hz, J3

4

8.4 Hz, H3; 7.78-7.85, m, 3H, ArH 4,5,8; 7.98,

d, J 1.8 Hz, HI.

Mass spectrum (c.i.) m/z 256 (MH ), 210 (M -45) and 141 (M -114).

(j) N-(Naphthalen-1-ylmethyl)pyrrolidine (215a)

A mixture of naphthalen-1-ylmethyl chloride (1.76 g, 10 mmol),
anhydrous sodium carbonate (1.6 g, 15.1 mmol) and pyrrolidine (1.06 g,
15.1 mmol) in dry propan-2-ol (20 ml) was stirred at 45-50° for 3 h.
The solution was evaporated to dryness under reduced pressure to remove
propan-2-ol and any unreacted pyrrolidine. The residue was then taken
in 1.5N hydrochloric acid solution, cooled, washed with ether (3 x 50 ml)
then basified with 40% cold sodium hydroxide solution, and the product
extracted into dichloromethane (3 x 30 ml). The dichloromethane
solution was dried and evaporated to yield N-(naphthalen-l-ylmethyl)pyrrolidine (215a) (1.7 g, 81%) as a brown oil which, recrystallized
from pet. ether (60-80°), melted at 98-100°.

Found: C, 85.1; H, 7.9; N, 6.3
Calc. for Ci5H17N: C, 85.3; H, 8.1; N, 6.6%.

Nmr spectrum (CDC13): 6 1.73, m, 4H, H3' and 4'; 2.55, m, 4H,
H2' and 5'; 3.87, s, HI'; 7.41, dd, J^2 7.0 Hz, J^4 8.1 Hz, H3;
7.46-7.65, m, 3H, ArH 2,6,7; 7.87-8.27, m, 3H, ArH 4,5,8.

+ +
Mass spectrum (c.i.) m/z 212 (MH ) and 141 (M -70).
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(k) N-(Naphthalen-2-ylmethyl)pyrrolidine (215b)

This was prepared and isolated, as described for N-(naphthalen-1ylmethyl)pyrrolidine (215a), from pyrrolidine (1.06 g, 15.1 mmol),
sodium carbonate (1.6 g, 15.1 mmol) and naphthalen-2-ylmethyl chloride
(1.76 g, 10 mmol). After extraction with dichloromethane, the solvent
was evaporated to yield the pyrrolidine (1.9 g, 90%) as a light oil.
Addition of propan-2-olic hydrogen chloride to the above oil dissolved
in ether/acetone (1:1) precipitated the hydrochloride of (215b). This
was filtered and washed several times with ether, and dried over
phosphorus pentoxide, m.p. 217-219°.

Found: C, 85.2; H, 8.0; N, 6.5
Calc. for C15H17N: C, 85.3; H, 8.1; N, 6.6%.

Nmr spectrum of the base (CDCl3): 6 1.84, m, 4H, H3' and 4';
2.65, m, 4H, H2' and 5'; 3.85, s, Hi'; 7.44-7.60, m, 3H, ArH 3,6,7;
7.67-7.82, m, 4H, ArH 1,4,5,8.

Mass spectrum (c.i.) m/z 212 (MH ) and 141 (M -70).

(£) Unsuccessful N-Alkylation Attempts

(1) Naphthalen-1-ylmethyl chloride (1.0 g, 5.6 mmol) dissolved
in ethanol (20 ml) was added dropwise over 6 h to a refluxing solution
of alanine (0.5 g, 5.6 mmol) in IN sodium hydroxide (12 ml), then
refluxed for a further 6 h. Ethanol was evaporated, and the aqueous
basic solution was extracted with ether (3 x 30 ml). The remaining
alkaline solution was acidified with 2M sulphuric acid and the precipi---?• "- '~Ll;'^'z^-zt '^3 yield (0.48 g, 37%) white crystals consisting
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mainly of N,N-(dinaphthalen-l-ylmethyl)alanine.

+ +
Mass spectrum (c.i.) m/z 370 (MH ) , 324 (M -45 : COOH) and
228 (M -141: naphthylmethyl) and 141 (M -228 : naphthalenylmethylalanine).

(2) A mixture of naphthalenylmethyl chloride (1.76 g, 10 mmol),

N-tosylalanine (2.66 g, 10.9 mmol) and anhydrous sodium carbonate (1.16 g,
10.9 mmol) in dry propanol (30 ml) was refluxed overnight. The solution
was evaporated under reduced pressure and the residue was taken in dilute
hydrochloric acid solution. The resulting oil was extracted into ether.
Examination of the ether layer by tlc indicated the presence of starting
material only.
Similar N-alkylation attempts using N-acetyl or N-benzyloxycarbonyl derivatives of amino acids were also unsuccessful.
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C

-

PREPARATION OF AMINO-ALCOHOLS AND CYCLIALKYLATION ATTEMPTS

a. Preparation of Prolinol and Alaninol Derivatives

(D N-(Naphthalen-1-ylmethyl)prolinol (191a)

Methyl N-(naphthalen-l-ylmethyl)prolinate (0.15 g, 0.56 mmol),
dissolved in dry tetrahydrofuran (5 ml), was added to a stirred solution
of lithium aluminium hydride (0.06 g, 1.6 mmol) in dry tetrahydrofuran
(3 ml) . The mixture was stirred at room temperature for 30 min.,
then refluxed for 2 h. Excess lithium aluminium hydride was destroyed
by careful addition of ethyl acetate, water and 2N sodium hydroxide.
The inorganic salts were filtered off and the remaining solution evaporated to dryness. The residue was dissolved in dilute hydrochloric acid
(1:1), washed with ether (3 x 30 ml), then basified with cold 40% sodium
hydroxide solution and the base extracted with ether (4 x 25 ml) . The
ether extract was dried and evaporated to yield (0.1 g, 71%) of a yellow
oil which solidifies on cooling. An analytical sample, recrystallized
from benzene/pet. ether (60-80°), melted at 171-173°.

Found: C, 79.5; H, 7.6; N, 5.5
Calc. for C16H19NO: C, 79.7; H, 7.9; N, 5.8%.

Mass spectrum (c.i.) m/z 242 (MH ), 224 (M -17 : OH group),
210 CM+-31 : hydroxymethyl) and 141 (M -100 : prolinol).

N-(Naphthalen-l-ylmethyl)alaninol (166a) and N-(naphthalen-lylmethyDglycinol (168a) were prepared in the same way described above.
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b.

Attempted Cyclization with Prolinol and Alaninol Derivatives

(1) The prolinol (191a) (200 mg, 0.8 mmol) was heated at 100° with
boron trifluoride diethyl etherate (5 ml) under anhydrous conditions
for 3h, then poured into 2M hydrochloric acid (20 ml). On cooling,
the solution was basified with 40% sodium hydroxide solution and
extracted with ether (3 x 30 ml). Only starting material could be
recovered from the reaction mixture.

(2) The prolinol (191a) (0.2 g, 0.8 mmol) was dissolved in 90%
sulphuric acid (4 ml) at 5-10°. The solution was warmed at 45° for
15 min., poured into cold water, basified and extracted with ether
(3 x 30 ml) . The combined ether layers were evaporated under reduced
pressure, leaving only a small amount of intractable products.
Similar unsuccessful results were obtained with alaninol (166a)
and glycinol (168a) and also when polyphosphoric acid was used instead
of sulphuric acid.

c. Halogenation of Prolinol (191a) and Alaninol (166a)

(1) N-(Naphthalen-1-ylmethyl)prolinol (191a) (0.17 g, 0.71 mmol) was
refluxed with thionyl chloride (5 ml) for 30 min. The excess thionyl
chloride was evaporated in Vacuo by repeated addition of benzene (5 ml)
and evaporation of the solution to dryness. The chloride (0.18 g, 98%)
was isolated as a yellow oil.

Mass spectrum (c.i.) m/z 262 (MH+ for Cl37), 260 (MH+ for Cl35),
224 (M+-35 : chloride) and 141 (M+-118 : chloromethyl pyrrolidine).
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N-(Naphthalen-1-ylmethyl)alaninol and glycinol were converted to
their chloride derivative by the same method as described above.

d. Attempted Cyclization of Chloromethyl Derivatives (191c & 166b)

The chloride (191c) (0.2 g, 0.77 mmol) was dissolved in nitrobenzene (5 ml), cooled to 5-10°, then powdered, freshly sublimed
aluminium chloride (0.16 g, 0.86 mmol) was added. The mixture was then
stirred in ice for 2h, then at room temperature. After pouring
the mixture into cold 2N hydrochloric acid (15 ml) , the acidic phase was
basified with 40% sodium hydroxide solution and extracted with ether
(3 x 30 ml) . The combined ether layers were dried, then evaporated.
No cyclized products could be isolated. The reaction was repeated using
carbon disulphide/chloroform as the solvent and aluminium chloride or
stannic chloride as the catalyst at varying temperatures. Only unchanged
starting material or intractable products could be found in the reaction
mixture.
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D.

HYDROLYSIS OF THE N-SUBSTITUTED AMINO ACID ESTERS

(a) S-(+)-N-(Naphthalen-1-ylmethyl)alanine (169a)

Ethyl N-(naphthalen-1-ylmethyl)alaninate (163) (8.0 g, 31 mmol),

10% sodium hydroxide (60 ml, 150 mmol) and ethanol (60 ml) were refluxed
for 2 h. The ethanol was evaporated and the basic aqueous solution
cooled, washed with ether (2 x 40 ml) then acidified with 2M sulphuric
acid. The cream precipitate was filtered, washed with water, then

recrystallized from ethanol, containing a few drops of 2M sulphuric acid
to yield the acid (6.3 g, 89%) as a white crystalline powder, m.p.
197-198°.

[a]2° +6.7 ± 0.3 (c. 1.02 in alkaline EtOH).

Found: C, 73.1; H, 6.5; N, 6.2.
Calc. for CllfH15N02: C, 73.3; H, 6.6; N, 6.1%.

Nmr spectrum (CF3COOD): 6 1.29, d, J 7.2 Hz, -CHCH3; 3.98, q,
J 7.2 Hz, H3'; 4.47 and 4.50, ABq, J 13.2 Hz, Hi'; 7.21-8.05, m, 7H,
ArH.

Mass spectrum (c.i.) m/z 230 (MH+), 184 (M+-45: COOH) and
141 (M -88 : alanine).
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(b)

S-(+)-N-(Naphthalen-2-ylmethyl)alanine (183a)

Ethyl N-(naphthalen-2-ylmethyl)alaninate (177a) (8.5 g, 33.1 mmol)
was refluxed with 10% sodium hydroxide solution (60 ml, 150 mmol) and

ethanol (60 ml) as described for N-(naphthalen-l-ylmethyl)alanine (169a).
The white precipitate was recrystallized from ethanol, containing a few
drops of 2M sulphuric acid, to yield the acid (6.9 g, 91%) as a white
crystalline powder, m.p. 139-140°.

[a]2° + 7.8 ± 0.2° (c. 1.1 in CHC1-).
D

3

Found: C, 73.0; H, 6.3; N, 6.0
Calc. for CllfH15N02: C, 73.3; H, 6.5; N, 6.1%.

Nmr spectrum (CF3COOD): 6 1.32, d, J 7.2 Hz, -CH-CH3; 3.80, q,
J 7.2 Hz, H3'; 4.02 and 4.10, ABq, J 12.9 Hz, Hi'; 7.19-7.96, m,
7H, ArH.

Mass spectrum (c.i.) m/z 230 (MH ), 184 (M -45 : -COOH group)
and 141 (M -88 : alanine).

(c) S-(+)-(6-Methoxynaphthalen-2-ylmethyl)alanine (183c)

Hydrolysis of ethyl N-(6-methoxynaphthalen-2-ylmethyl)alaninate
(177b) (3.0 g, 10.4 mmol) was carried out as described for N-(naphthalen-1-ylmethyl)alanine (169a) using 10% sodium hydroxide (21 ml, 52.2
mmol) and ethanol (21 ml). The crude product was recrystallized from
ethanol, containing a few drops of 2M sulphuric acid, to yield the acid
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(2.52 g, 92.9%) as cream crystalline powder, m.p. 220-222°.

[a] + 6.5 ± 0.6° (c. 0.99 in alk. EtOH)

Found: C, 69.8; H, 6.8; N, 5.4
Calc. for C15H1?N03: C, 69.5; H, 6.6; N, 5.4%.

Mass spectrum (c.i.) m/z 260 (MH ), 2.5 (M -45 : COOH group) and
171 (M -88 : alanine).

(d) S-(+) -a-(Naphthalen-1-ylmethylamino)-n-butyric acid (170a)

Hydrolysis of ethyl a-(naphthalen-1-ylmethylamino)-n-butyrate
(4.0 g, 14.8 mmol) was carried out as described for N-(naphthalen-l-ylmethyl)alanine (169a) using 10% sodium hydroxide (29.5 ml, 73.8 mmol)
and ethanol (30 ml). The crude product was filtered and recrystallized
from ethanol, containing a few drops of 2M sulphuric acid, to yield the
acid (3.3 g, 92%) as a cream crystalline powder, m.p. 205-206°.

[a]2° + 9.8 ± 0.5° (C. 0.88 in alk. EtOH).
D
Found: C, 73.8; H, 6.9; N, 5.9
Calc. for C15H17N02: C, 74.1; H, 7.0; N, 5.8%.

Mass spectrum (c.i.) m/z 244 (MH+), 198 (M+-45 : COOH group)
and 141 (M -102 : a-amino-n-butyric acid).
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(e)

S-(+)-a-(Naphthalen-2-ylmethylamino)-n-butyric acid (184a)

Hydrolysis of ethyl a-(naphthalen-2-ylmethylamino)-n-butyrate
(178) (4.17 g, 15.4 mmol) was carried out as described for N-(naphthalen-1-ylmethyl)alanine (169a) using 10% sodium hydroxide (32 ml, 76.9
mmol) and ethanol (32 ml) . The crude product was filtered, washed with
water and recrystallized from ethanol, containing a few drops of 2M
sulphuric acid, to yield the acid (3.0 g, 80%) as a white crystalline
powder, m.p. 217-218°.

[a]2° + 76 ± 0.4° (C. 1.03 in alk. EtOH).

Found: C, 73.9; H, 6.9; N, 5.5.
Calc. for C15H17N02: C, 74.1; H, 7.0; N, 5.8%.

Mass spectrum (c.i.) m/z 244 (MH+), 198 (M -45 : COOH group) and
141 (M -102 : a-amino-n-butyric acid).

(f) N-(Naphthalen-1-ylmethyl)glycine (171a)
Hydrolysis of ethyl N-(naphthalen-l-ylmethyl)glycinate (165J
(5.0 g, 21 mmol) was carried out as described for N-(naphthalen-l-ylmethyl)alanine (169a) using 10% sodium hydroxide (41 ml, 103 mmol) and
ethanol (41 ml). The crude product was filtered, washed several times
with water and recrystallized from ethanol, containing a few drops of
2M sulphuric acid, to yield the acid (4.0 g, 91%) as a white powder,
m.p. 190-191°.
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Found:

C, 72.3; H, 6.2; N, 6.3

Calc. for C13H13N02: C, 72.6; H, 6.1; N, 6.5%.

Mass spectrum (c.i.) m/z 216 (MH ), 170 (M+-45 : COOH group)
and 141 (M -74 : glycine).

(g) N-(Naphthalen-2-ylmethyl)glycine (185a)

Hydrolysis of ethyl N-(naphthalen-2-ylmethyl)glycinate (4.0 g,
16.5 mmol) was carried out as described for N-(naphthalen-1-ylmethyl)alanine (169a) using 10% sodium hydroxide (33 ml, 82.3 mmol) and
ethanol (33 ml) . The crude acid was recrystallized from ethanol,
containing a few drops of 2M sulphuric acid, to yield the acid (3.4 g,
96%) as white crystals, m.p. 176°.

Found: C, 72.5; H, 6.1; N, 6.3
Calc. for C13H13N02: C, 72.6; H, 6.1; N, 6.5%.

Mass Spectrum (c.i.) m/z 216 (MH ), 170 (M -45 : COOH group)
and 141 (M -74 : glycine).
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N-TOSYLATION OF AMINO ACID DERIVATIVES

(a) S-(+)-N-(Naphthalen-1-ylmethyl)tosylalanine (169b)

A suspension of N-(naphthalen-1-ylmethyl)alanine (169a) (1.35 g,
5.9 mmol) in acetone (15 ml) was brought to pH 10.6 by addition of IN
sodium hydroxide and cooled in ice. A cooled solution of p-toluenesulphonyl chloride (1.2 g, 6.5 mmol) in acetone (12 ml) was added dropwise
to the above solution whilst maintaining the pH at 10.4 to 10.5 by
simultaneous addition of IN sodium hydroxide. After stirring for lh,
the solution acidified with 2M sulphuric acid. The resulting precipitate
was extracted into chloroform, washed with saturated sodium chloride
solution, dried, filtered and evaporated to yield the tosylated acid
(1.55 g, 68.6%) as a brown oil, which solidifies on cooling. After
recrystallization from benzene/pet. ether (60-80°) the brown crystals
melted at 53-54°.

[a]2° + 26.4 ± 0.3° (C. in CHC13)

Found:

C, 66.0; H, 5.5; N, 3.6

Calc. for C2lK2lOkti : C, 65.8; H, 5.5; N, 3.7%.

Nmr spectrum (CDC13): 6 1.30, d, J 7.2 Hz, -CH-CH3; 2.39, s,
ArCH3; 4.42, q, J 7.2 Hz, H3'; 4.61 and 4.91, ABq, J 16.1 Hz, Hi';
7.23, dd, J2„f4„ 0.8 Hz, J21I1„ = J4„/5„ 8.0 Hz, H2» and H4"; 7.39, m,
3H, ArH 3, 6 & 7; 7.52, dd, J2
5H, arH 4,5,8,1" & 5".

4

1.5 Hz; ^2^ 6.9 Hz, H2; 7.69-8.01, m,
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Mass spectrum (c.i.) m/z 384 (MH ) , 338 (M -45 : COOH group),
228 (M -155 : tosyl group) and 141 (M -242 : tosylated alanine).

(b) S-(+)-N-(Naphthalen-2-ylmethyl)tosylalanine (183b)

Tosylation of N-(naphthalen-2-ylmethyl)alanine (183a) (1.5 g,
6.5 mmol) was carried out as described for N-(naphthalen-l-ylmethyl)tosylalanine (169b). p-Toluenesulphonyl chloride (1.37 g, 7.2 mmol)

in acetone (30 ml) was added to an aqueous solution of (183a) adjusted to
pH 10.4 -10.5 with IN NaOH. The solution was acidified with 2M HjSO^,
then extracted with chloroform, which was evaporated after drying, to
yield the tosylated acid (1.8 g, 72%) as a light brown oil.

[a]2° + 33.2 ± 0.5° (c 1.04 in CHC13)
D
Found: C, 66.0; H, 5.5; N, 3.6
Calc. for C^H^O^NS: C, 65.8; H, 5.5; N, 3.7%.

Nmr spectrum (CDC13): 5 1.32, d, J 7.3 Hz, -CH-CH3; 2.36, s,
ArCH3; 4.50 &4.71, ABq, J 16.1 Hz, Hi'; 4.56, q, J 7.3 Hz, H3'; 7.22, dd,

J2%4„ 0.7 Hz, J2„tl„ = J4„f5„ 8.0 Hz, H2"4"; 7.38-7.45, m, 3H, ArH 3,6 & 7
7.66, d, J 1.8 Hz, HI; 7.71-7.77, m, 5H, ArH 4,5,8,1"^".

Mass spectrum (c.i.) m/z 384 (MH+), 338 (M+-45 : COOH), 228
(M+-155; tosyl) and 141 (M+-242 : tosylated alanine).
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(c)

S-(+) -N-(6-Methoxynaphthalen-2-ylmethyl)tosylalanine (183d)

Tosylation of N-(6-methoxynaphthalen-2-ylmethyl)alanine (183c)
(2.0 g, 7.8 mmol) was carried out as described for N-(naphthalen-lylmethyl)tosylalanine (169b) using p-toluenesulphonylchloride (1.63 g,
8.6 mmol) in acetone (25 ml) at a pH of 10.4-10.5. After stirring
the solution for 4h in ice, the product was extracted into chloroform.
Evaporation of the chloroform yielded the tosylated acid (2.1 g, 65.6%)
as a light brown oil.

[a]2° + 19.4 ± 0.7°

Found:

{c. o.88 in CHC1,)

C, 64.1; H, 5.9; N, 3.5

Calc. for C22H2305NS: C, 63.9; H, 5.6; N, 3.4%.

Nmr spectrum (CDC13): 5 1.31, d, J 7.3 Hz, -CH-CH3; 2.38, s,
Ar-CH3; 3.88, s, -0CH3; 4.51 and 4.67, ABq, J 15.9 Hz, H'; 4.53,
q, J 7.3 HZ, H3'; 7.06, d, J 2.5 Hz, H5; 7.10, dd, J?^ 2.5 Hz,
J7 8.7 Hz, H7; 7.23, dd, J^, ^„ 0.7 Hz, J2%1„ =

J

4»/5..

8

*°

Hz

'

H2",4"; 7.39, dd, J_ . 1.8 Hz J 8.35 Hz, H3; 7.58, d, J 1.8 Hz,
3,1

-J

/4

HI; 7.61, d, J 8.35 Hz, H4; 7.62, d, J 8.7 Hz, H8; 7.73, dd,
J 1 5 Hz J = J ... 8.0 Hz, HI" & 5".
1" 5"
1",2"
5" 4
Mass spectrum (c.i.)

m/z 412 (MH+), 366 (M+ - 45 : COOH),

256 (M+ - 155 : tosyl) and 171 (M+ - 240 : tosylated alanine) .

154

(d)

S-(+) -a-(Naphthalen-1-ylmethyl-N-tosylamino)-n-butyric acid (170b)

a-(Naphthalen-1-ylmethylamino)-n-butyric acid (170a) (2.0 g,
8.23 mmol) was dissolved in 2N sodium hydroxide solution (8.65 ml,
17.3 mmol) then p-toluenesulphonylchloride (1.73 g, 9.05 mmol)
was added slowly, with stirring, to the above solution and stirring
continued, first, at room temperature for 30 min, then heated slowly to
65-70°. After stirring at 70° for 10 min., the white cloudy solution

was cooled, diluted with water and acidified with 2M sulphuric acid. The
precipitated solid was shaken with hot chloroform for 10 min. and
filtered. The chloroform layer was washed with water and saturated
sodium chloride solution, then dried and evaporated to yield a light
brown oil. The crude product was purified by passing it through a
silica column and eluting it with chloroform/methanol (19:1). The
solution was dried and evaporated to yield the tosylated acid (120b)
(1.1 g, 33.6%) as a light yellow oil.

[a)2° + 22.7 ± 0.6° (c. 2.16 in CHC13).

Found: C, 66.2; H, 6.1; N, 3.5
Calc. for C22H23SNOI+: C, 66.5; H, 5.8; N, 3.5%.

Nmr spectrum (CDC13): 6 0.73, t, J 3.5 Hz, -CH-CH2-CH3; 1.58,
m, -CH-CH2-CH3; 2.38, s, ArCH3; 4.29, dd, J 6.7 Hz, 8.4 Hz, H3';
4.93 and 5.04, ABq, J 15.7 Hz, HI'; 7.27, dd, J2„f4„ 0.6 Hz, ^2„tl» =
J „,, 8.1 Hz, H2",4"; 7.38, dd, J_ 6.9 Hz, J 8.1 Hz, H3; 7.45,
J
4",5
J»^
'^
m, 2H, H6,7; 7.55, dd, J2 4 1.5 Hz, J2^ 6.9 Hz, H2; 7.75-8.04, m,
5H, ArH 4,5,8,1",5".
Mass spectrum (c.i.) m/z 398 (MH+) , 352 (M+- 45: COOH) , 242

(M+-155 : tosyl group) and 141 (M -256 : tosylated-a-amino-n-butyric aci
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(e)

S-(+)-a-(Naphthalen-2-ylmethyl-N-tosylamino)-n-butyric acid (184b)

Tosylation of a-(naphthalen-2-ylmethylamino)-n-butyric acid (184a)
(2.0 g, 8.23 mmol) was carried out as described for a-(naphthalen-1-

ylmethyl) -N-tosylamino) -n-butyric acid (170b) using p-toluenesulphonyl

chloride (1.73 g, 9.05 mmol) and 2N sodium hydroxide (8.65 ml, 17.3 mmol)
at 65-70° for 10 min. The crude product was purified on a
column to yield the tosylated acid (1.3 g, 4.0%) as a light yellow oil.

[a]2° + 31.1 ± 0.9° (C. 1.69 in CHC13).

Found: C, 66.3; H, 5.9; N, 3.7
Calc. for C22H23SNO^: C, 66.5; H, 5.8; N, 3.5%.

Nmr spectrum (CDC13) : 6 0.74, t, J 7.35 Hz, -CH-CH2-CH_3_; 1.72,
m, -CH-CH2-CH3; 2.37, 3H, s, ArCH3; 4.37, dd, J 6.5 Hz & 8.5 Hz,
-CH-CH2-CH3; 4.51 and 4.73, J 15.9 Hz, Hi'; 7.21, dd, J2%4„ 0.6 Hz,
j

n

= j

n

8.0 Hz, H2",4"; 7.38-7.45, m, 3H, ArH 3,6,7; 7.69-

7.82, m, 6H, ArH 1,4,5,8,1",5".

Mass spectrum (c.i.) m/z 398 (MH+), 352 (M+- 45 : COOH group),

242 (M+ - 155 : tosyl group) and 141 (M+ - 256 : tosylamino-n-butyric acid)
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(f)

N-(Naphthalen-1-ylmethyl)tosylglycine (171b)

Tosylation of N-(naphthalen-l-ylmethyl)glycine (171a) (2.0 g, 9.3

mmol) was carried out as described for N-(naphthalen-1-ylmethyl)tosylalanine (169b) using p-toluenesulphonylchloride (1.95 g, 10.2 mmol) and IN
sodium hydroxide in acetone at a pH of 10.4-10.5. The chloroform was

evaporated and the crude white residue was recrystallized from chloroform
methanol to yield the tosylglycine (171b) (2.1 g, 61%) as colourless
needles, m.p. 172°.

Found: C, 64.9; H, 5.3; N, 3.7
Calc. for C20H19NSOlt: C, 65.0; H, 5.2; N, 3.8%.

Nmr spectrum (CDC13): 6 2.45, s, ArCH3; 3.81, s, H3'; 4.94, s,
HI'; 7.28, dd, J_ . 1.2 Hz, J 7.0 Hz, H2; 7.32, dd, J 0.6 Hz,
2,4
J

2",l"

= J

4",5" 8-°

HZ

'

2,o
H2

"'4"; 7'37'

dd

' J3,2 7-°

*• i^
HZ

' J3,4 8'2

HZ

'

H3;

7.51, m, 2H, ArH 6,7; 7.83-8.12, m, 5H, ArH 4,5,8,1",5".

Mass spectrum (c.i.)

m/z 370 (MH+), 324 (M+-45 : COOH group),

214 (M+-155 : tosyl group) and 141 (M+-228 : tosylated glycine).

(g)

N-(Naphthalen-2-ylmethyl)tosylglycine (185b)

Tosylation of N-(naphthalen-2-ylmethyl)glycine (185a) (2.0 g,
9.3 mmol) was carried out as described for N-(naphthalen-1-ylmethyl) -

tosylalanine (169b) using p-toluenesulphonylchloride (1.95 g, 10.2 mmol)
and IN sodium hydroxide in acetone (30 ml) at a pH of 10.4-10.5. The
crude product was recrystallized from chloroform/methanol to yield the
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tosylated acid (2.4 g, 70%) as colourless needles, m.p. 160°.

Found: C, 65.0; H, 5.3; N, 3.6
Calc. for C20HigNSOlt: C, 65.0; H, 5.2; N, 3.8%.

Nmr spectrum (CDC13): 6 2.42, s, ArCH3; 3.94, s, H3' ; 4.62,
s, HI'; 7.26, dd, J2„^„ 0.5 Hz, J^,^,, = J4„/5„ 8.0 Hz, H2",4"; 7.34,
dd

' J3,l 1*8

HZ

' J3 4 8'5

HZ/ H3; 7 47

' ' m'3H' ArH 3,6,7; 7.59, d,

J 1.8 Hz, HI; 7.73-7.83, m, 5H, ArH 4,5,8,1",5".

Mass spectrum (c.i.)

m/z 370 (MH ) , 324 (M+-45 : COOH group),

+ +
2.4 (M -155 : tosyl group) and 141 (M -228 : tosylglycine).

(h)

Alternative N-tosylation attempts of N-(naphthalenylmethyl)-

alanines, glycines and g-amino-n-butyrates

(1) Ethyl N-(naphthalen-1-ylmethyl)tosylalaninate (220a)
A cooled solution of p-toluenesulphonylchloride (0.5 g, 2.62 mmol)
in benzene (4 ml) was added dropwise, with stirring, to ethyl N(naphthalen-1-ylmethyl)alaninate (0.5 g, 1.94 mmol) dissolved in benzene
(4 ml), containing triethylamine (0.5 g), at 10°. The mixture was
stirred in ice overnight, then at room temperature for 30 min. The
solution was then evaporated under reduced pressure and the residue was
dissolved in chloroform. The chloroform layer was dried and evaporated
to yield a brown oil which was purified by passing it through a silica
column in chloroform/methanol (19:1). The solvent was evaporated to
yield the tosylated ester (0.5 g, 62.5%) as a yellow oil.
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Mass spectrum (c.i.)

m/z 412 (MH ) , 256 (M -155 : tosyl) and

141 (M -270 : ethyl N-tosylalaninate).

(2)

Ethyl N-(naphthalen-1-ylmethyl)carbobenzoxyalaninate (220b)

IN NaOH solution was added to an ice cold solution of ethyl N-

(naphthalen-1-ylmethyl)alaninate (163) (0.2 g, 0.8 mmol) in acetone (5 ml
to bring its pH to 10.9. Benzylchloroformate (0.26 g, 1.55 mmol) in
acetone (5 ml) was added gradually over a period of 1 h with the
simultaneous addition of IN sodium hydroxide to maintain the pH at 10.9.

The acetone was evaporated and an oily residue extracted with ethylacetat
which was washed with 10% sodium carbonate (2 x 20 ml) , dried, then
evaporated to yield the carbobenzoxy ester (0.26 g, 85%) as a brown oil.

(3) A mixture of ethyl N-(naphthalen-l-ylmethyl)tosylalaninate

(220a) (0.5 g, 1.22 mmol), 2N sodium hydroxide (5 ml) and ethanol (5 ml)
was warmed at 45-50° for 6h. Ethanol was evaporated and the aqueous
solution acidified then extracted with chloroform. Only very little of

the desired acid (ca 10%) , together with a number of intractable produc
could be detected.
Similar results were obtained with the attempts to hydrolyze the
carbobenzoxy esters.

(i)

Unsuccessful Attempts to Tosylate Amino-Acids

(1) N-(Naphthalen-l-ylmethyl)alanine (0.229 g, 1 mmol) was
gently warmed with p-toluenesulphonylchloride (0.20 g, 1 mmol) and 0.5N
sodium hydroxide (2.2 ml, 1.1 mmol) for lh. Thin layer chromatography
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revealed the presence of starting material only.

(2) A solution of p-toluenesulphonylchloride (0.92 g, 4.80 mmol)

in tetrahydrofuran (3 ml) was added to a cooled solution of N-(naphthalenl-ylmethyl) alanine (169a) (1.0 g, 4.37 mmol) in tetrahydrofuran (3 ml)
containing triethylamine (0.48 g, 4.80 mmol). The mixture was stirred
at room temperature overnight then evaporated to dryness and the residue
dissolved in chloroform. Thin layer chromatography revealed the absence
of any tosylated acids.
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F.

CYCLIZATIONS

(a) S-(+)-3-Methyl-2-tosyl-l,2-dihydrobenz[h]isoquinolin4(3H)-one (174)

A mixture of N-(naphthalen-1-yimethyl)-N-tosylalanine (169b)
(1.8 g, 4.7 mmol), phosphorus pentachloride (1.7 g, 8.5 mmol) and dry
benzene (7 ml) was stirred at 45-50° for 2 h. The mixture was then
cooled in an ice bath and the solution was added slowly, with stirring,
to an ice-cooled solution of stannic chloride (0.8 ml, 7.05 mmol) in
dry benzene (4 ml) , ensuring that the temperature did not exceed 10°.
The reddish-brown complex was stirred overnight at room temperature,
then cooled in ice and diluted with ether (40 ml). Cold 1:1 HC1/H20
was then added slowly, with stirring, while keeping the temperature
below 15°. The organic layer was washed three times with HC1/H20 (1:1)
solution, followed by saturated sodium bicarbonate, 5% potassium hydroxide, water and saturated sodium chloride. The ether solution was dried
and evaporated under reduced pressure to yield a brown oil. The crude
product was passed through a column (silica gel) which was eluted
initially with benzene, then with methanol. The methanolic solution,
which contained the desired product, was dried, evaporated and the
product recrystallized from chloroform/methanol to give the ketone (174)
(0.55 g, 32%) as light yellow needles, Rf 0.95 in CHCl3/MeOH (5:1), m.p.
121-122°.

[a]2° + 96.7 ± 0.7°

Found:

(C. 0.99 in CHC13)

C, 69.2; H, 5.3; N, 3.6

Calc. for C21H19N03S: C, 69.0; H, 5.2; N, 3.8%,
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Nmr spectrum (CDC13) : 6 1.47, d, J 7.2 Hz, CHCH3; 2.24, s, ArCHjj
4.78, q, J 7.2 Hz, H3; 4.71 and 5.66, ABq, J 18.1 Hz, Hi; 6.95, dd,
J

2",4" °*7

HZ

' J2"l"

= J

4" 5" 8'°

Hz

'

H2

"'4"'# 7-46' d, J 8.4 Hz, H6;

7.67, ddd, 2H, JQilQ = J%1 1.3 Hz, JQ^ = j^ 6.9 Hz, J^
8.1 Hz, H8,9; 7.70, dd, J.^,^,,1.3 Hz, J1I1/2„= J5flf4„8.0 Hz, HI",5";
7.77, d, J 8.4 Hz, H5; 7.86-8.04, m, 2H, ArH 7,10.

Mass spectrum (c.i.) m/z 366 (MH ) and 210 (M -155 : tosyl group).

(b) S- (+) -2-Methyl-3-tosyl-3,4-dihydrobenz [f ] isoguinolin-1 (2H) -one

Ring closure of N-(naphthalen-2-ylmethyl)-N-tosylalanine (183b)
(1.8 g, 4.7 mmol) with phosphorus pentachloride (1.7 g, 8.5 mmol) in dry
benzene (7 ml) was carried out as described for 3-methyl-2-tosyl-l,2dihydrobenz[h]isoquinolin-4(3H)-one (174). The crude product was recrystallized from CHCl3/MeOH to give the ketone (186a) (0.86 g, 50%) as
light yellow needles, R 0.94 in CHCl3/MeOH (5:1), m.p.96-97°.

ta]2° + 145 ± 0.9°
D
Found:

(c. 1.03 in CHCl.)
d

C, 68.8; H, 5.3; N, 3.8

Calc. for C21HigN03S: C, 69.0; H, 5.2; N, 3.8%.

Nmr spectrum (CDC13): 6 1.50, d, J 7.3 Hz, -CHCH3; 1.93, s,
ArCH3; 4.75, q, J 7.3 Hz, H2; 4.84 and 5.05, ABq, J 18.3 Hz, H4;
6.85, dd, J2,V4„ 0.5 HZ, J2,ifl„ = J4,lf5„ 8.0 Hz, H2",4"; 7.22, d,
J 8.4 HZ, H5; 7.45, dd, ^5., °-9
7.48, ddd, J8

1Q

Hz

> Ji",2"= J5" ,4" 8'°

HZ

'

Hl

"'5";

1.3 Hz, J8^g 6.9 Hz, JQ^ 8.1 Hz, H8; 7.59, ddd,
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Jg

?

1.6 Hz, Jg

Q

6.9 Hz, Jg

1Q

8.6 Hz, H9;

7.77, dd, J ?

1.6 Hz,

J_ 8.1 Hz, H7; 7.95, d, J 8.4 Hz, H6; 9.12, dd, J _ 1.3 Hz,
/ /ts
10,8
J

10 9 8 ' 6

HZ

'

Hl0

'

Mass spectrum (c.i.)

(c)

m/z 366 (MH ) and 210 (M -155 : tosyl group)

S-(+) -8-Methoxy-2-methyl-3-tosyl-3,4-dihydrobenz[f]isoquinolin-

l(2H)-one (186b)

A mixture of N-(6-methoxynaphthalen-2-ylmethyl)-N-tosylalanine

(183d) (2.1 g, 5.1 mmol), phosphorus pentachloride (1.39 g, 6.6 mmol) an
benzene (5 ml) was stirred at 45-50° for 30 min. The mixture was then
cooled in an ice-bath and the solution was added, with stirring, to an
ice cooled solution of stannic chloride (2.0 g, 7.6 mmol) in benzene
(3 ml). The product, isolated as described for 3-methyl-2-tosyl-l,2dihydrobenz[h]isoquinolin-4(3H)-one (174), was recrystallized from
chloroform/methanol to yield the ketone (0.22 g, 11%) as colourless
needles, m.p. 156-158°.

[a]2° + 103.7 ± 0.7°

Found:

(c. 0.84 in CHC13)

C, 66.5; H, 5.2; N, 3.5

Calc. for C22H210ltSN: C, 66.8; H, 5.3; N, 3.5%.

Nmr spectrum (CDC13) : <5 1.49, d, J 7.3 Hz, -CHCHj.; 1-98, s,
ArCH3; 3.91, s, -OCH3; 4.72, q, J 7.3 Hz, H2; 4.80 and 5.01, ABq,
J 18.2 HZ, H4; 6.86, dd, J2,,,4.,0-5 Hz, J2utV* =

J

7.06 , d, J_ _ 2.7 Hz, H7;
7, y

7.23, dd, Jg^? 2.7 Hz,

7.18, d, J 8.4 Hz, H5;

8
HZ
' H2"'4";
4",5" *°
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J

9,10 9 * 5

HZ

'

H9;

?

'45'

7.84, d, J 8.4 Hz, H6;

dd

' Jl"5" 1'5

HZ

' J l " , 2 " = J 5",4" 8 -° H z '

Hl

"' 5 "'

8.98, d, J 9.5 Hz, H10.

Mass spectrum (c.i.) m/z 396 (MH ) and 240 (M -155 : tosyl group).

(d) S-(+) -3-Ethyl-2-tosyl-l,2-dihydrobenz[h]isoquinolin-4(3H)-one (175)

Ring closure of a-(naphthalen-1-ylmethy1-N-tosylanine)-n-butyric
acid (170b) (1.41 g, 3.55 mmol) was carried out as described for 3-methyl2-tosyl-l,2-dihydrobenz[h]isoquinolin-4(3H)-one (174) with phosphorus
pentachloride (1.34 g, 6.4 mmol) and stannic chloride (0.63 ml, 5.38 mmol)
in dry benzene (5 ml).

After elution from the column, the crude product

was recrystallized from chloroform/methanol to yield the ketone (0.5 g,
37.4%) as light yellow needles, m.p. 137-138°.

[a] + 10.9 ± 1.4° (C. 1.25 in CHC13)

Found: C, 69.9; H, 5.5; N, 3.9
Calc. for C 2 2 H 2 1 SN0 3 :

C, 69.7; H, 5.5; N, 3.7%.

Nmr spectrum (CDC13): 6 1.16, t, J 7.4 Hz, -CH-CH2-CH3; 1.82,
m, -CH-CH2-CH3;

2.18, s, ArCH3;

and 5.68, ABq, J 18.8 Hz, Hi;
8.1 Hz, H2",4";

4.52, dd, J 7.1 Hz, J 8.83 Hz, H3; 4.99

6.85, dd,

7.37, d, J 8.4 Hz, H6;

J

2M,4<<

0

-5

HZ

'

J

2 " , l " = J 4",5"

7.63-7.70, m, 5H, ArH 5,8,9,1" ,5" ;

7.84 - 8.01, m, 2H, ArH 10,7.

Mass spectrum (c.i.) m/z 380 (MH+) and 224 (M+-155 : tosyl group).
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(e)

S-(+) -2-Ethyl-3-tosyl-3,4-dihydrobenz [f] isoquinolin-1 (2H) -one (187)

Ring closure of a-(naphthalen-2-ylmethyl-N-tosylamino)-n-butyric
acid (184b) (1.61 g, 4.06 mmol) with phosphorus pentachloride (1.53 g,

7.3 mmol) and stannic chloride (0.72 ml, 6.15 mmol) in benzene (6 ml) was
carried out as described for 3-methyl-2-tosyl-1,2-dihydrobenz[h]isoquinolin-4(3H)-one (174). The crude product was eluted from the
column, dried, evaporated and recrystallized from chloroform/methanol to
yield the ketone (187) (0.6 g, 39.2%) as light yellow needles, B^, 0.95
in CHCl3/MeOH (5:1), m.p. 104-105°.

[a] ° + 142.6 ± 2.3° (C. 0.9 in CHC13).
D
Found: C, 69.6; H, 5.4; N, 3.6
Calc. for C22H21SN03: C, 69.7; H, 5.5; N, 3.7%.

Nmr spectrum (CDC13) : 6 1.17, t, J 7.4 Hz, -CH-CH2-CH3_; 1.82, s,
ArCH3; 1.90, m, -CH-CH2.-CH3; 4.47, dd, J 6.4 Hz, J 7.3 Hz, H2; 4.80
and 5.06, ABq, J 18.8 Hz, H4; 6.74, dd, J^, ^, 0.5 Hz, J^,^,, =

J

4..,

8.3 Hz, H2",4"; 7.19, d, J 8.4 Hz, H5; 7.39, dd, J^g.,1.7 Hz,
J

l",2"= J5",4"8-3 HZ' Hl'*'5"; 7*47' ^^ J^10 1'3 HZ' J8'9 6'9 HZ'
J8 ? 8.1 Hz, H8; 7.57, ddd, Jg>7 1.6 Hz, Jg^ 6.9 Hz, Jg^1Q 8.6 Hz,
7.75, dd, J7/g 1.6 Hz, J?/8 8.1 Hz, H7; 7.92, d, J 8.4 Hz, H6; 9.03,
dd

' J10,8 1'3

HZ

' J10,9 8-6

HZ

'

Hl0

Mass spectrum (c.i.)

'

m/z 380 (MH+) and 224 (M+-155 : tosyl group)
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(f)

2-Tosyl-l,2-dihydrobenz[h]isoquinolin-4(3H)-one (176)

A cooled solution of N-(naphthalen-l-ylmethyl)-N-tosylglycine
(171b) (1.5 g, 4.06 mmol) in chloroform (3.0 ml) was added dropwise to a
cooled suspension of phosphorus pentachloride (1.11 g, 5.28 mmol) in
chloroform (1 ml) . The mixture was stirred in ice for 2 h, then at
room temperature for a further 2h. The mixture was then cooled in an
ice-bath and a solution of stannic chloride (1.6 g, 6.1 mmol) in chloroform (0.5 ml) was added slowly, with stirring, ensuring that the
temperature did not exceed 5°. The greenish complex was stirred for
3h in ice, then diluted with chloroform (30 ml). Cold 1:1 HC1/H20
(30 ml) was then added slowly, with stirring, while keeping the temperature below 15°. The organic layer was washed three times with 1:1
HC1/H20 solution, 5% potassium hydroxide, water and saturated sodium
chloride to yield a yellow oil, which solidifies on cooling. The crude
product was recrystallized from chloroform/methanol to yield the ketone
(0.61 g, 42.7%) as a white crystalline solid, m.p. 170°.

Found: C, 68.3; H, 5.0; N, 3.9
Calc. for C20H17NSO3: C, 68.4; H, 4.8; N, 4.0%.

Nmr spectrum (CDCl3): 6 2.36, s, ArCH3; 4.12, s, H3; 5.01, s,
HI; 7.19, dd, J2„/4.. 0.6 Hz, J2„fl„=

J

4..,5"

8 0 Hz

'

'

ArH 2

"'4"; ?-66'

m, 4H, ArH 8,9,1",5"; 7.75, d, J 8.4 Hz, H6; 7.89, d, J 8.4 Hz, H5;
7.87-8.01, m, 2H, ArH 7,10.

Mass spectrum (c.i.)
group).

m/z 352 (MH+) and 196 (M+ - 155 : tosyl
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(g)

3-Tosyl-3,4-dihydrobenz[f]isoquinoline-1(2H)-one (188)

Ring closure of N-(naphthalen-2-ylmethyl)-N-tosylglycine (185b)
(1.50 g, 4.06 mmol) with phosphorus pentachloride (1.38 g, 5.28 mmol)
in dry chloroform (2 ml) and stannic chloride (1.59 g, 6.1 mmol) in
chloroform (0.85 ml) was carried out as described for 2-tosyl-l,2dihydrobenz[h]isoquinoline-4(3H)-one (176). The crude product was
eluted from the column, dried, evaporated and recrystallized from

chloro form/me thanol to give the ketone (11 g, 77%) as colourless prism
m.p. 178-179°.

Found: C, 68.4; H, 5.1; N, 4.0
Calc. for C20H17NSO3: C, 68.4; H, 4.8; N, 4.0%.

Nmr spectrum (CDC13): <5 2.17, s, ArCH3; 4.11, s, H2; 4.64, s,
H4; 7.10, dd, J2„f4.,0.5 Hz, J^.^..- J^S"8'1

Hz

' H2",4"; 7.26, d,

J 8.4 Hz, H5; 7.51, ddd, J^ 1.3 Hz, J^g 6.9 Hz, J^ 8.1 Hz, H8;
7.59, dd, JlWf5II 1-0 Hz, ^,,2..= J5.,4,.8.1 Hz, HI",5"; 7.63, ddd,
JQ , 1.6 Hz, Jq . 6.9 Hz; J 8.6 Hz, H9; 7.80, dd, J 1.6 Hz,
9,7

y,o

z> ,J.\J

J 8.1 Hz, H7; 7.98, d, J 8.4 Hz, H6; 9.14, dd, J^^ 1.3 Hz,
7,8
j 8.6 Hz, H10.
10,9
Mass spectrum (c.i.)
group)

m/z 352 (MH+) and 196 (M+ - 155 : tosyl
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(h)

Naphtho[h]indolizidin-6-one (193)

A mixture of N-(naphthalen-l-ylmethyl)proline (192a) (2.0 g,
6.86 mmol) and phosphorus pentachloride (2.87 g, 13.7 mmol) was stirred
together under nitrogen. If the reaction did not start immediately,
the mixture was warmed gently and diluted with benzene (5 ml) . After
evolution of gaseous hydrogen chloride the phosphorus compounds were
distilled off azeotropically with benzene at reduced pressure at 40°.
The process was repeated by adding, and distilling off, additional
amounts of benzene (20 ml) . The acid chloride formed was dissolved in
dry benzene (10 ml) , cooled, and a cooled suspension of finely powdered
aluminium chloride (1.83 g, 13.7 mmol) in dry benzene (2 ml) was added
very slowly, with stirring, to the cold solution of the acid chloride
ensuring that the temperature did not exceed 10°. The greenish complex

formed was then stirred in ice for 4 h, then overnight at room temperatur
The mixture was again chilled and diluted with ether (50 ml),
then a cold mixture of HC1/H20 (1:1) was added at such a rate that the
temperature did not exceed 15°. The organic solvents were evaporated
at reduced pressure, the acidic solution basified with 40% sodium
hydroxide, and the basic ketone extracted with ether (3 x 40 ml) . The
ether layer was dried and evaporated to yield the ketone (193) (0.58 g,
36%) which was unstable in air and quickly turned red on standing. As

the ketone is very unstable, it was reduced immediately after extraction.

Mass spectrum (c.i.) m/z 238 (MH )
I.R. spectrum 1685 cm
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(i)

Naphtho[fjindolizidin-1-one (200)

Naphtho[f]indolizidin-l-one (200) was prepared from N-(naphthalen2-ylmethyl)proline (198) (2.0 g, 6.86 mmol), phosphorus pentachloride

(2.87 g, 13.7 mmol) and aluminium chloride (1.83 g, 13.7 mmol) in benzen
(5 ml) under a nitrogen atmosphere as described for naphtho[hjindolizidin-6-one (193). The organic layer was evaporated and the basic
solution extracted with ether (3 x 30 ml) . Evaporation of the ether
layer gave the ketone (0.6 g, 37%) as a light yellow oil. (The ketone
as (193) is very unstable and was reduced immediately.)

Mass spectrum (c.i.) 238 (MH )
I.R. spectrum 1688 cm

(j)

Unsuccessful Attempts to Cyclize N-(Naphthalen-l-ylmethyl) -

proline (192a) and N-(Naphthalen-l-ylmethyl)-N-tosylalanine (169b)

(1) With Phosphorus Oxychloride
N-(Naphthalen-l-ylmethyl)proline hydrochloride (192a) (1.0 g,
3.43 mmol) was suspended in phosphorus oxychloride (1 ml) and heated at
110° in an oil-bath until all had dissolved. After cooling the flask
in an ice-bath, the excess phosphorus oxychloride was destroyed by
careful addition of cold water. The aqueous acidic solution was
saturated with sodium perchlorate and the precipitate filtered. The
residue was dried over phosphorus pentoxide to yield the pyrrolideine
(214) (0.5 g, 47 %) as a crystalline perchlorate.
The perchlorate was dissolved in methanol (5 ml) and hydrogenated
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over Pt02 at room temperature.

After removal of the platinum, the

solution was poured into cold water, basified and extracted with ether
(3 x 20 ml) . The ether layer was dried, evaporated and the residue
crystallized from pet. ether (60-80°) to yield the pyrrolidine (215) as
light brown crystals. (The compound was identical to N-(naphthalen-lylmethyl)pyrrolidine (215) in all respects.)

(2) With Polyphosphoric Acid
N-(Naphthalen-l-ylmethyl)proline hydrochloride (192a) (1.0 g,
3.43 mmol) was heated in a stoppered flask with polyphosphoric acid
(12 g) (freshly prepared from orthophosphoric acid, d, 1.75, 7.0 g and
phosphorus pentoxide, 8 g) in a paraffin bath for 4 h at 90-92°. The
viscous brown liquid was dissolved in water (200 ml) and the solution
cooled first in ice, then basified with 40% sodium hydroxide to pH 10.
The alkaline solution was extracted with ether (3 x 30 ml) and the ether
dried and evaporated to yield the ketone (0.05 g, 6%) as an oily residue,

Mass spectrum (c.i.)

m/z 238 (MH )

I.R. spectrum 1685 cm .

Attempts to cyclize N-(naphthalen-l-ylmethyl)-N-tosylalanine
under identical conditions, but at higher temperatures, proved
unsuccessful.

(3) Unsuccessful attempts to prepare and cyclize N-naphthalen1-ylmethyl)prolyl chloride (192b) and N-(naphthalen-l-ylmethyl)-N-tosylalanyl chloride (169c).
(i) N-(Naphthalen-l-ylmethyl)proline hydrochloride (192a) (1.0 g,
3.43 mmol) was suspended in dry chloroform (10 ml) and, after addition
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of thionyl chloride (1.63 g, 10.3 mmol) and dimethylformamide (1 drop),
the mixture was stirred at 45° for 2 h. The resulting yellow solution
was concentrated to a small volume, yielding only a very small amount of
the desired acid chloride. N-(Naphthalen-l-ylmethyl)-N-tosylalanine
gave slightly better results under identical conditions.
Attempts to prepare the acid chlorides using either oxalyl chloride
or acetyl chloride were unsuccessful.

(ii) N-(Naphthalen-1-ylmethyl)prolyl chloride (192a) (1.0 g, 2.49 mmol)
was dissolved in nitrobenzene (10 ml) and aluminium chloride (0.66 g,
5.0 mmol) was added. The dark brown solution was stirred at 40° for 1 h,
then poured into 2N hydrochloric acid (20 ml) . The acidic solution was
basified with 40% sodium hydroxide to pH 10.0, then extracted with

chloroform (3 x 30 ml) . The chloroform solution was dried and concentrate
to a small volume, but no traces of a cyclized ketone could be isolated.
Similar results were obtained with N-(naphthalen-l-ylmethyl)-N-tosylalanyl chloride.
The above reaction using nitromethane, carbon disulphide, or a
mixture of carbon disulphide and nitrobenzene as solvents and aluminium
chloride or stannic chloride as Friedel-Crafts' catalysts was also
unsuccessful.
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G.

REDUCTION OF THE AMINOKETONES

(a) (3S,4R) and (3S,4S)-3-Methyl-l,2,3,4-tetrahydrobenz[h]isoquinolin-4-ol (157a & b)

3-Methyl-2-tosyl-l,2-dihydrobenz[h]isoquinolin-4(3H)-one (174)
(0.2 g, 0.55 mmol) in dried and freshly distilled tetrahydrofuran (2 ml)
was added slowly with stirring to a suspension of lithium aluminium
hydride (0.19 g, 5.5 mmol) in dry tetrahydrofuran (2 ml). The mixture
was stirred in ice for a further 3 h, then at room temperature overnight.
Excess lithium aluminium hydride was destroyed by careful addition of
ethyl acetate, ice water and 2 drops of 2N sodium hydroxide. Inorganic
salts were filtered off and tetrahydrofuran was evaporated under reduced
pressure. The product was extracted into chloroform which was washed
with saturated sodium chloride solution, dried, then evaporated to yield
a yellow oil. Thin layer chromatography (silica gel GF251+) in
chloroform/methanol (5:1) showed the presence of two compounds: the
major product (157a), R_ 0.37 (CHCl3/MeOH 5:1), and the minor product
R 0.24, together with some unchanged starting ketone, Rp 0.95. The two

diastereoisomeric alcohols (157a) and (157b) were separated by preparative
tlc (20 x 20 cm) on silica gel GFzsh and extracted from the plates with
CHCl3/MeOH (1:1). The individual extracts were dried and evaporated to
yield colourless oily residues. The major isomer (157a) was dissolved
in ether; addition of hydrogen chloride in propan-2-ol to the solution

precipitated white crystals of the hydrochloride of (157a) (71 mg, 52.2%),
m.p. 241-242°.

[a]2° of the base + 13.2 ± 0.8° (C. 0.78 in CHC1 3 ).
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Found:

C, 67.6; H, 6.3; N, 5.3

Calc. for ClltH16ONCl: C, 67.3; H, 6.4; N, 5.6%.

Nmr spectrum of the base (157a) (CDC13) 6 1.37, d, J 6.9 Hz, -CH-CH3;
3.04, dq, JCRMe 6.9 Hz, J3

4

2.2 Hz, H3; 4.08 and 4.17, ABq, J 17.1

4.39, d, J 2.2 Hz, H4; 7.37-7.49, m, 3H, ArH 6,8,9; 7.59-7.80, m, 3H,
ArH 5,7,10.

Mass spectrum (c.i.)

m/z 214 (MH ) and 196 (M -17 : OH group).

The minor isomer (157b) was converted to its hydrochloride3 as
described for the major isomer, to yield white prisms (18.2 mg, 13.3%),
m.p. 225-226°.

[a]2° of the base

+25.7 ± 0.8° (c. 0.98 in CHCl3)

Found:

C, 67.4; H, 6.3; N, 5.4.

Calc. for CllfH16ONCl: C, 67.3; H, 6.4; N, 5.6%.

Nmr spectrum of the base (157b) (CDC13): 6 1.24, d, J 6.9 Hz,
-CH-CH3; 3.11, dq, broad, H3; 4.19 and 4.31, ABq, J 17.0 Hz, HI; 4.38,

d, J 2.0 Hz, H4; 7.41-7.49, m, 3H, ArH 6,8,9; 7.59-7.80, m, 3H, ArH 5,7,10

Mass spectrum (c.i.)

m/z 214 (MH ) and 196 (M -17).
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(b)

(1R,2S) and (1S,2S)-2-Methyl-l,2,3,4-tetrahydrobenz[f]-

isoquinolin-1-ol (158a and 158b)

Reduction of 2-methyl-3-tosyl-3,4-dihydrobenz[f]isoquinolin-1(2H) -

one (186a) (0.15 g, 0.41 mmol) was carried out in the same way as described
for 3-methyl-l,2,3,4-tetrahydrobenz[h]isoquinolin-4-ol (157a and 157b) by
lithium aluminium hydride (0.156 g, 4.1 mmol) in dry tetrahydrofuran
(4 ml) . The major isomer (158a) with R value of 0.36 gave white crystals
F

=5=

of the hydrochloride of (158a) (50 mg, 48.8%), m.p. 271-272°.

Found: C, 67.3; H, 6.4; N, 5.3
Calc. for ClltH1GClNO: C, 67.3; H, 6.4; N, 5.6%.

[a]

of the base

+ 25.3 ± 0.3° (a. 0.95 in CHC13)

Nmr spectrum of the base (158a) (CDC13):
CHCH3; 3.01, dq, J
— —

M

6 1.44; d, J 6.9 Hz,

6.9 Hz, J 2.2 Hz, H2; 3.39 and 3.97, ABq,

CHMe

*• 11

J 17.1 Hz, H4; 4.95, d, J 2.2 Hz, Hi; 6.96, d, J 8.4 Hz, H5; 7.47,
ddd, JQ

1n

1.4 Hz, JQ _ 6.8 Hz, J 8.0 Hz, H8; 7.55, ddd, J 1.4 Hz,

8,10

o, y

Of/

i

J 6.8 Hz, Jn no 8.3 Hz, H9; 7.71, d, J 8.4 Hz, H6; 7.82, dd, J
9,8
9,10
',v
1.4 Hz, J7f8 8.0 Hz, H7; 8.28, dd, J^g 1.4 Hz, J^^ 8.3

Mass spectrum (c.i.) m/z 214 (MH+) and 196 (M+-17 : OH group).

The minor isomer (158b) with Rp value of 0.22 gave the white
crystalline hydrochloride of (158b) (14 mg, 13.7%), m.p. 202-204°.

[al
D

of the base

+ 71.6 ± 0.5° (c. 1.28 in CHC13) .
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Found:

C, 67.4; H, 6.5; N, 5.4

Calc. for C1I(H16QNC1: C, 67.3; H, 6.4; N, 5.6%.

Nmr spectrum of the base (158b) (CDC13): 6 1.13, d, J 6.9 Hz,
3.45, dq, JCHMe 6.9 Hz, J2

CH-CHJL;

2.3 Hz, H2; 3.81 and 4.07, ABq,

±

J 17.1 Hz, H4; 4.91, d, J 2.3 Hz, Hi; 7.06, d, J 8.5 Hz, H5; 7.47,
ddd

' J8,10 1*2

J

9,8 7*°

HZ

HZ

' J8,9 7'°

' J9,10 8'3

HZ

'

HZ

' J8,7 8'°

H9; 7 71, d

*

'

HZ

'

H7; 7 56

J 8l5 H2

' '

'

ddd

' J9 7

(c)

'

H6; 7 82

' ' dd, J

1.4 Hz, J 8.0 Hz, H7; 8.21, dd, J 0 1.2 Hz, J,rt
' /°
10 , o

Mass spectrum (c.i.)

1>4 Hz

8.3 Hz, H10.
10,9

rt

m/z 214 (MH ) and 196 (M -17 : OH group)

(3S,4R) and 3S,4S)-3-Ethyl-l,2,3,4-tetrahydrobenz[h]-

isoquinolin-4-ol (159a and 159b)

3-Ethyl-l,2,3,4-tetrahydrobenz[hiisoquinolin-4-ol (159a and 159b)

was prepared and isolated, as described for 3-methy1-1,2,3,4-tetrahydrobenz [h]isoquinolin-4-ol (157a and 157b), from 3-ethyl-2-tosyl-l,2dihydrobenz[h]isoquinolin-4(3H)-one (175) and lithium aluminium hydride
(0.25 g, 6.6 mmol) in dry tetrahydrofuran (4 ml). The major isomer
(159a) gave the white crystalline hydrochloride of (159a) (97 mg, 56%) ,
m.p. 210-212° (decomp.).

[a]2° of the base
D

Found:

+ 7.1 ± 0.8° (c. 0.51 in CHC1 3 ).

C, 68.2; H, 6.8; N, 5.1

Calc. for C15H180NC1: C, 68.3; H, 6.8; N, 5.3%.
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Nmr spectrum of the base (159a) (CDC13):

6 1.08, t, J 7.4.Hz,

-CH-CH2-CH3; 1.57-1.92, m, 2H, -CH-CH2-CH3; 2.75, ddd, J 2.0 Hz,
J 7.6 Hz, J 8.7 Hz, H3; 4.18 and 4.25, ABq, J 17.0 Hz, Hi; 4.48, d,
J 2.0 Hz, H4; 7.37-7.58, m, 3H, ArH 6,8,9; 7.59-7.82, m, 3H, ArH 5,7,10.

Mass spectrum (c.i.)

+
+
m/z 228 (MH ) and 210 (M -17 : OH group).

The minor isomer (159b) yielded the hydrochloride of (159b)
(27 mg, 15.5%) as white needles, m.p. 195-197'

20

[a] of the base + 31.6 ± 0.8°

Found:

(c. 0.73 in CHCI3)

C, 68.0; H, 6.8; N, 5.2

Calc. for C15H180NC1: C, 68.3; H, 6.8; N, 5.3%.

Nmr spectrum of the base (159b) (CDC13): 6 1.09, t, J 7.4 Hz,
Ch-CH2-CH3: 1.88, m, 2H, -CH-CH2-CH3; 3.34, m, H3; 4.23 and 4.66, ABq,
J 17.0 Hz, HI; 4.49, d, J 2.5 Hz, H4; 7.37-7.57, m, 3H, ArH 6,8,9;
7.58-7.82, m, 3H, ArH 5,7,10.

Mass spectrum (c.i.)

m/z 228 (MH+) and 210 (M -17 : OH group)
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(d)

(3S,4R) and (3S,4S)-2-Ethyl-l,2,3,4-tetrahydrobenz[f] -

isoquinolin-1-ol (160a and 160b)

2-Ethyl-l,2,3,4-tetrahydrobenz[f]isoquinolin-1-ol (160a and 160b)
was prepared and isolated, as described for 3-methyl-l,2,3,4-tetrahydrobenz [hi isoquinolin-4-ol (157a and 157b), from 2-ethyl-3-tosyl-3,4-

dihydrobenz[f]isoquinolin-l(2H)-one (187) (0.25 g, 0.66 mmol) and lithiu
aluminium hydride in dry tetrahydrofuran (4 ml) .
The major isomer (160a) , with R value of 0.31, was extracted from
the preparative tlc plates with CHCl3/MeOH (1:1) and the solvent was
evaporated to yield a white residue. Recrystallization from acetone
yielded the alcohol as white prisms, m.p. 142-143°.
Addition of dry hydrochloric acid in ether/acetone to the alcohol
(160a) yielded the hydrochloride of (160a) (98 mg, 56.3%) as colourless
needles, m.p. 220°.

[a)2° of the base + 13.7 ± 0.6 (c. 1.01 in CHCl3).

Found: C, 68.1; H, 6.7; N, 5.3
Calc. for C15H180NC1: C, 68.3; H, 6.8; N, 5.3%.

Nmr spectrum of the base (160a) (CDC13): <5 1.08, t, J 7.5 Hz,
-CH-CH2-CH3; 1.56-1.98, m, 2H, CH-CHg_-CH3; 2.62, m, IH, H2; 3.24 and
3.88, ABq, J 16.9 Hz, H4; 4.99, d, J 2.0 Hz, Hi; 6.93, d, J 8.45 Hz,
H5; 7.48, ddd, Jg

1Q

1.4 Hz, J 6.9 Hz, JQ^ 8.0 Hz, H8; 7.56, ddd,

J 1.2 Hz, JQ Q 6.9 Hz, J_ 8.3 Hz, H9; 7.70, d, J 8.45 Hz, H6;
9,7
9,8
y,lu
7.81, dd, J?^g 1.2 Hz, J?^8 9.0 Hz, H7; 8.31, dd, J^^ 1.4 Hz, J^g
8.3 Hz, H10.
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m/z 228 (MH+) and 210 (M+-17 : OH group)

Mass spectrum (c.i.)

The minor isomer (160b) , with Rp value of 0.24, gave the white
crystalline hydrochloride of (160b) (25 mg, 14.4%), m.p. 200-201°.

20

[a]D of the base + 71.6 ± 0.3° (c. 1.21 in CHC13)

Found

:

C, 68.0; H, 6.7; N, 5.2

Calc. for C15H180NC1: C, 68.3; H, 6.8; N, 5.3%.

Nmr spectrum of the base (160b) (CDC13): 6 0.98, t, J 7.4 Hz,
CH-CH2-CH3_; 1.40, m, 2H, CH-CH2.-CH3; 3.16, m, H2; 3.63 and 3.98, ABq,
J 17.0 Hz, H4; 4.97, d, J 2.2 Hz, H4; 7.15, d, J 8.45, H5; 7.47, ddd,
J

8,10 1'4

J

9,8 6'8

HZ

' J8,9

HZ

6-8 HZ

' J9 10 8*3

' J8,7

HZ

'

8,

°

H9; 7 70

Hz

'

' ' d'

H8; 7 55

* '

J 8 45 Hz

'

'

ddd

/ Jg

7

1.2 Hz,

H6; 7 81

' ' dd, J

1.2 Hz, J 8.0 Hz, H7; 8.23, ddd, J 1.4 Hz, J _ 8.3 Hz, H10.
/1°

10,8

10,9

Mass spectrum (c.i.) m/z 228 (MH ) and 210 (M -17) : OH group).

(e)

1,2,3,4-Tetrahydrobenz[h]isoquinolin-4-ol (161)

1,2,3,4-Tetrahydrobenz[h]isoquinolin-4-ol (161) was prepared and
isolated, as described for 3-methyl-l,2,3,4-tetrahydrobenz[h]isoquinolin4-ol (157a and 157b), from 2-tosyl-1,2-dihydrobenz[h]isoquinolin-4(3H)one (176) (0.4 g, 1.14 mmol) and lithium aluminium hydride (0.43 g,
11.4 mmol) in dry tetrahydrofuran (4 ml). Preparative tie showed the
presence of one spot, together with that of the starting ketone. The
alcohol was isolated through preparative tlc by CHCl /MeOH (1:1), dried

178

and evaporated to yield an oily residue (0.14g, 52%).

The hydrochloride

of (161) was recrystallized from ethanol and melted at 215-217° (decomp.)

Found: C, 66.0; H, 5.9; N, 5.8
Calc. for C13Hllt0NCl: C, 66.2; H, 5.9; N, 5.9%.

Nmr spectrum of the base (161) (CDC13): 6 2.87, dd, J 13.0 Hz,
J 2.1 Hz, H3 equitorial; 3.17, dd, J 13.0 Hz, J 1.3 Hz, H3 axial;
4.07 and 4.17, ABq, J 16.5 Hz, Hi; 4.50, s, broad, H4; 7.38-7.49, m,
3H, ArH 6,8,9; 7.57-7.81, m, 3H, ArH 5,7,10.

+ +
Mass spectrum (c.i.) m/z 200 (MH ) and 182 (M -17 : OH group).

(f) 1,2,3,4-Tetrahydrobenz[f]isoquinolin-1-ol (162)

1,2,3,4-Tetrahydrobenz[f]isoquinolin-1-ol (162) was prepared and

isolated, as described for 3-methyl-l,2,3,4-tetrahydrobenz[h]isoquinolin
4-ol (157a and 157b), from 3-tosyl-3,4-dihydrobenz[f]isoquinolin-1(2H)one (188) (0.5 g, 1.42 mmol) and lithium aluminium chloride (0.54 g,
14.2 mmol) in dry tetrahydrofuran (5 ml). Preparative tlc in CHCl3/MeOH
(5:1) showed the presence of one compound, R 0.25, together with some
starting ketone of R^ 0.94. The alcohol was extracted through preparative tlc by CHCl3/MeOH (1:1) and evaporated to yield a colourless oily
residue (0.18 g, 53.7%). The hydrochloride of (162 ), recrystallized
from methanol/acetone as colourless needles, melted at 184-186°.

Found: C, 66.3; H, 5.7; N, 5.7
Calc. for C13Hlit0NCl: C, 66.2; H, 5.9; N, 5.9%.
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Nmr spectrum of the base (162) (CDC13):

<5 2.96, dd, J 13.0 Hz,

J 2.1 Hz, H2 equitorial; 3.29, dd, J 13.0 Hz, J 1.3 Hz, H2 axial;
3.69 and 3.93, ABq, J 16.6 Hz, H4; 5.08, dd, J 1.3 Hz, J 2.1 Hz, Hi;
7.01, d, J 8.45 Hz, H5; 7.46, ddd, J 1.2 Hz, JQ
°i -LU

J

10,8 1'2

HZ

' J10,9 8'3

HZ

'

H1

Q

6.9 Hz, J0 „ 8.0 Hz,

o, y

H8; 7.54, ddd, Jg^? 1.4 Hz, Jg^g 6.9 Hz, Jg
J 8.45 HZ, H6; 7.80, dd, J 1.4 Hz, J?

Q

lQ

8,7

8.3 Hz, H9; 7.70, d,

8.0 Hz, H7; 8.21, dd,

°-

Mass spectrum (c.i.) m/z 200 (MH ) and 182 (M+-17).

(g) Naphtho[h]isoquinolin-6-ol (155a and 155b)

A mixture of naphtho[h]indolizidin-6-one (193) (0.52 g, 2.19 mmol)
and sodium borohydride (0.83 g, 21.9 mmol) in tetrahydrofuran (10 ml) ,
methanol (10 ml) and dioxane (10 ml) was refluxed for 30 min. under
nitrogen. The solvent was evaporated under reduced pressure and the
residue warmed in water (30 ml). The cloudy yellow solution was

extracted with chloroform (3 x 30 ml) , which was dried and evaporated to
yield a yellow oil. The crude product was passed through a silica
column and eluted with benzene/methanol/ethanol (20:1:1). Fractions
with R value between 0.2-0.4 were collected and combined. The combined
F
extracts were separated on preparative tlc plates (20 x 20 cm) using
ethylacetate/methanol (5:1) as the solvent. The major isomer (155a),
with a R value of 0.82, was extracted from the plates with CHCl3/MeOH
F
(1:1) ; the solution was 'dried and evaporated to give a white residue
which was recrystallized from chloroform/methanol to yield the alcohol
(155a) (0.31 g, 59%) as colourless prisms, m.p. 193-194° (decomp.).

180

[a] ° - 17.5 ± 2.5°

(c. 0.6 in MeOH)

Found:

C, 80.1; H, 7.0; N, 5.7

Calc. for C16H17NO: C, 80.3; H, 7.1; N, 5.9%.

Nmr spectrum (CDC13): 6 1.94, m, 4H, H4 and 5; 2.25-2.50, m, 2H,
H3; 3.34, m, IH, H6a; 3.69 and 4.60, ABq, J 15.5 Hz, Hi; 4.54, d, J
7.7 Hz, H6; 7.46-7.53, m, 2H, ArH 10,11; 7.67-7.85, m, 4H, ArH
7,8,9,12.

Mass spectrum (c.i.) m/z 240 (MH ) and 222 (M -17 : OH group).

The minor isomer (155b), extracted with CHCl3/MeOH (1:1), was
dried and evaporated to give a white residue which was recrystallized
from CHCl3/ether to yield the alcohol (155b) (0.11 g, 21%) as colourless needles, m.p. 138-140°.

[a]2° -6.1 ± 0.4°

(C. 0.64 in MeOH)

Found:

C, 80.2; H, 7.0; N, 5.7

Calc. for C16H17NO: C, 80.3; H, 7.1; N, 5.9%.

Nmr spectrum (c.i.) m/z 6 1.92, m, 4H, H4 and 5; 2.18-2.54,
m, 2H, H3; 3.30, m, IH, H6a; 3.53 and 4.40, ABq, J 15.5 Hz, Hi; 4.72,
d, J 2.1 Hz, H6; 7.38-7.47, m, 2H, ArH 10,11; 7.49, d, J 8.4 Hz, H8;
7.72, d, J 8.4 Hz, H7; 7.62-7.82, m, 2H, ArH 9,12.

Mass spectrum (c.i.)

m/z 240 (MH+) and 222 (M+-17 : OH group)
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(h)

Naphtho[f]indolizidin-1-ol (156a and 156b)

Naphtho[f]indolizidin-1-ol (156a and 156b) was prepared and
isolated, as described for naphtho[h]indolizidin-6-ol (155a and 155b),
from naphthoindolizin-1-one (0.4 g, 1.69 mmol) and sodium borohydride
(0.64 g, 16.9 mmol) in tetrahydrofuran (10 ml) and dioxane (10 ml).
The major isomer was recrystallized from CHCl3/MeOH to yield the alcohol
(156a) (0.24 g, 60%) as white prisms, m.p. 234-236°.

[a]2° -15.3 ±0.2°

Found:

(C. 1.1 in MeOH)

C, 80.0; H, 7.3; N, 5.7

Calc. for C16H17NO: C, 80.3; H, 7.1; N, 5.9%.

Nmr spectrum (CDC13):

5

1.96, m, 4H, H2 and 3; 2.21-2.48, m,

2H, H4; 3.21, m, IH, H2a; 3.29-3.96, ABq, J 15.6 Hz, H6; 4.99 , d,
J 7.6 Hz, HI; 6.97, d, J 8.4 Hz, H7; 7.47-7.55, m, 2H, H10,11; 7.69,
d, J 8.4 Hz, H8; 7.82, dd, Jg^ 1.2 Hz, Jg^0 8.0 Hz, H9; 8.32, dd,
Jno in 1.4 Hz, J19 n, 8.3 Hz, H12.
12,10
12,11
Mass spectrum (c.i.) m/z 240 (MH+) and 222 (M+-17 : OH group).

The minor isomer (156b) was recrystallized from CHCl3/ether to
yield the alcohol (156b) (84 mg, 21%) as colourless needles, m.p.
201-203°.

rg] 20 -5.3±0.2°
L J
D

(C. 1.4 in MeOH)
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Found:

C, 80.4; H, 7.0; N, 5.6

Calc. for C15H17NO: C, 80.3; H, 7.1; N, 5.9%.

Nmr spectrum (CDC13): 6 1.93, m, 4H, H2,3; 2.21-2.50, m, 2H,
H4; 3.20, m, IH, H2a; 3.31 and 3.88, ABq, J 15.6 Hz, H6; 5.08 , d,
J 2.1 Hz, HI; 7.12, d, J 8.4 Hz, H7; 7.46-7.55, m, 2H, H 10,11; 7.70,
d, J 8.4 Hz, H8; 7.81, dd, J 1.2 Hz, J 8.0 Hz, H9; 8.22, dd,
.7 / X X
J

12,10 X-4

HZ

' J12,ll 8'3

HZ

'

Hl2

-7 / X U

'

Mass spectrum (c.i.) m/z 240 (MH ) and 222 (M -17 : OH group).

(i)

Alternative Route for the Synthesis of 2-Methyl-l,2,3,4-tetra-

hydrobenz [f]isoquinolin-1-ol (158a and 158b)
(1) 2-Methyl-3-tosyl-l,2,3,4-tetrahydrobenz[f]isoquinolinl-ol (225a and 225b)
A solution of 2-methyl-3-tosyl-3,4-dihydrobenz[f]isoquinolin-l(2H)-

one (186a) (0.2 g, 0.54 mmol) in tetrahydrofuran (10 ml) was added slowly
with stirring to a cooled solution of lithium aluminium hydride (0.02 g,
0.54 mmol) in tetrahydrofuran (20 ml). After 30 min. in ice the excess
lithium aluminium hydride was destroyed with water and 2 drops of 2N
sodium hydroxide, and the inorganic salts were filtered off. Tetrahydrofuran was evaporated under reduced pressure and the residue extracted
with chloroform, dried and evaporated to yield a yellow oil. Thin layer
chromatography (CHCl3/MeOH (19:1), silica gel GF250 indicated the
presence of two compounds; the major product (225a), Rp 0.25 (CHCl3/MeOH
19:1) and the minor one (225b) (Rp 0.18), together with some unchanged
ketone (R 0.8). The two diastereoisomeric alcohols were separated by

183

preparative tlc (20 x 20 cm) and extracted from the plates by CHCl3/MeOH
(1:1). The individual extracts were dried and evaporated to yield
light yellow oils.

Nmr spectrum of the major isomer (CDC13) : 6 1.33, d, J 7.1 Hz,
CHCH3; 2.34, s, -OCH3; 4.13, dq, J „ 7.1 Hz, CT 2.2 Hz, H2; 4.27
=CHMe
2,1
and 4.71, ABq, J 17.6 Hz, H4; 5.25, d, J 2.2 Hz, HI; 8.1-9.0, m, 10H,
ArH.

Mass spectrum (c.i.) m/z 368 (MH ) , 350 (M -17 : OH group) and
195 (M -172 : tosyl and OH group).

Nmr spectrum of the minor isomer (CDCI3):

6 0.92, d, J 7.1 Hz,

CHCH3; 2.20, s, ArCH 3; 4.52, dq, JCHMe 7.1 Hz, J^ 2.1 Hz, H2: 4.48
and 4.65, ABq, J 17.6 Hz, H4; 5.1, d, J 2.1 Hz, Hi; 8.1-9.0, m, 10H,
ArH.

Mass spectrum (c.i.) m/z 368 (MH+), 350 (M+-17 : OH group) and
195 (M+-172 -. tosyl and OH group) .

Other N-tosylated alcohols were similarly prepared from the
corresponding N-tosylated amino ketones using 1:1 molar ratio of lithium
aluminium hydride and ketone in tetrahydrofuran. This route was, however,
abandoned when attempts to remove the tosyl group from the tosylated
alcohols (225a and 225b), either by acid hydrolysis or by potassium tbutoxide, were unsuccessful. The use of a large molar excess of lithium
aluminium hydride (ca 10 moles) in tetrahydrofuran does not only reduce
the keto group but simultaneously displaces the tosyl group too.
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(j)

Unsuccessful Reduction Attempts

(1) A mixture of 3-methyl-2-tosyl-l,2-dihydrobenz[h]isoquinolin4(3H)-one (174) (100 mg, 0.27 mmol), concentrated hydrochloric acid
(0.3 ml), glacial acetic acid (0.3 ml) and water (0.15 ml) was heated
at 110° for 3 h. The solution was diluted with water, cooled and
extracted with ether (3 x 30 ml) . The acidic solution was basified
with 40% sodium hydroxide solution to pH 10.6 and extracted with ether,
which contained only a mixture of intractable products.

(2) The above ketone (174) (100 mg, 0.27 mmol) was refluxed
with potassium t-butoxide (10 ml) for 6h under nitrogen. Excess
potassium t-butoxide was destroyed with methanol and the solvent
evaporated. The residue was dissolved in water and the product

extracted from the aqueous solution with ether (3 x 30 ml) . Evaporation
of the ether layer gave only a small amount of intractable residue.

(3) The above ketone (174) (100 mg, 0.27 mmol) dissolved in
glacial acetic acid (5 ml) containing a few drops of perchloric acid
was hydrogenated over 5% palladium on charcoal (100 mg) at 760 mm and
at room temperature for 3 h. Chromatography indicated the presence of
only unchanged starting material.
Similar results were found also in the case of naphtho[h]indolizidin-6-one (193) even at higher temperatures and pressures.
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